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SILICONE NEWS from Dow Corning 




Reliable In Emergencies 


Silastic Is Alwa ys Ready for Use; 
Unaffected by Time, Oxygen, Ozone 

Cabin decompression is a possibility (even (hough remote) in a jetliner 
Dying at 30,000 feet or higher. In such emergencies, high flying commer- 

masks. If decompression should occur, these silicone rubber masks will 
immediately pop out of their storage compartments, ready for the seat 
occupant to slip over his face. 

Why are these masks made of Silastic®, the Dow Corning silicone rubber? 
Here are the requirements as enumerated by the manufacturer, ARO 
Equipment of California. Los Angeles. Although it's stored crushed 

damage. It must be odorless; nontoxic in direct contact with skin; 
easy to clean and sterilize: flexible to — 65 F; withstand a test of 
72 hours at 160 F temperature without visible damage; and, be 
resistant to the cracking and checking effects of oxygen and ozone. 
Furthermore, the masks must retain these properties and remain 
reliable for an “in service” life of more than three years! 

Silastic meets all of these operating and storage requirements. 


Most rubber companies can provide you 
with parts made from Silastic and engi- 
neered to your specific needs. For full 
information write Department 101UB. 


it Dow Corning office 



Dow Corning corporation 


AVIATION CALENDAR 


Apr. 12-13— S> 
Dccisi " 
Lafayi 


Ind. 


t i Technical Conference, 

International Air Transport Assn., Queen 
Elizabeth Hotel, Montreal, Canada. 

Apr. 18-20— Symposium on Chemical Re- 
actions in the Lower and Upper Atmos- 
phere, Stanford Research Institute, Mark 
Hopkins Hotel, San Francisco, Calif. 

Apr. 20— Eastern Regional Meeting, Insti- 
tute of Navigation, Shoreham Hotel, 
Washington, D. C. 

Apt. 20-22-General Meeting, American Me- 
teorological Society with the t 




cophysical Union, Washington, D. C. 
22-25— Annual Meeting and Confcr- 

cs. Broadmoor Hotel. Colorado Springs. 


Electromagnetic 1- 
University, Stillwa 
Apr. 26— Session oi 


ington Hotel, Seattle, Wash. 

Apr. 26-27— High Temperature Materials 
Conference, American Institute of Min- 
ing, Metallurgical and Petroleum Engi- 


Apr 


26-28— Liq 
Rocket Soci 


in Confi 
Palm 


ach. Fla. 


Apr. 26-28— Seventh Region Technical Con- 

Hotef C \V eshvard Ho, Phoenix, Ariz. 
Apr. 27-29-1 3th Annual Air Meet, National 
(Continued on page 6) 
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saves space 



In avionics, the more space and weight you can save in the control package, 
the more you can pack in the pay load. Ergo, the Miniature Agastat 
time/delay/relay. 

Weighs only 15-oz. Less titan 2-in. square. Just short of 5-in. tall. Meets 
the environmental specs of MIL-E-5272 A. Adjustable for time delays from 
0.03 to 120 seconds. Operation is electro-pneumatic— recycling, virtually 
instantaneous. 

Over the years, Agastats have built an enviable record for reliability and 
accuracy in many critical applications. These new products of Agastat re- 
search are no exception, and they will perform under extreme environmental 
conditions to the most exacting standards. 

We'll be glad to send you complete specs. Just write Dept. Ml-14. 



ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION - ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA LTD., 12 GOWER ST., TORONTO IS 


AVIATION 


<., April 10, 
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SUPERIOR ACCURACY 


in heat controls 

i 

for jef windshields 


Convair 880 jet airliners arc first to use new, advanced 
design anti-fogging, anti-icing heat control systems 
developed by Magnetic Controls Company. 

Windshield icing and fogging problems are considerably 
more complex for jet airliners, compared with those en- 
countered by piston engine planes. With jet travel, faster 
speeds, higher altitudes, plus greater extremes in tem- 
peratures and atmospheric pressures, many new problems 
develop. Magnetic Controls proportional heat control 
systems have helped to solve these problems for Convair 
880 jets. The Magnetic Controls systems offer four distinct 
advantages: 


• Automatic compensation for windshield aging. 

• Ultra-reliable, fully static design. 

* Elimination of thermal shock for longer windshield life. 

* Superior accuracy — proportional plus integral control. 




For complete information about this system and how it 
may help you obtain precise, accurate heat control for 
many applications, write or phone Magnetic Controls 
Company today. 


MAGNETIC CONTROLS COMPANY 


6413 CAMBRIDGE STREET • MINNEAPOLIS 26, MINN. • WEst 9-4691 
i C Heat Control Systems • Static Inverters • Voltage Monitoring Systems 


(Continued from page 5) 
Intercollegiate Flying Assn.. Texas A&M 
College, College Station, Tex. 

Apr. 30-May 4-Seventh ^National Aero- 

strument Society of America, Adolphus 
Hotel, Houston, Tex. 

May 2-4— Electronic Components Confer- 
ence, Institute of Radio Engineers. Jack 
Tarr Hotel, San Francisco, Calif. 

May 3-5-1 7th Annual National Fomin, 
American Helicopter Society, Sheraton 
Park Hotel, Washington, D. C. 

May 3-5— Nuclear Applications in Space 
Conference, American Rocket Society/ 
Oak Ridge National Laboratory, Gaffin- 

May 1-5— Second National Symposium. Hu- 
man Factors in Electronics. Institute of 
Radio Engineers. Marriott-Twin Bridges 
Motor Hotel. Arlington. Vs. 

May 8-10— National Aerospace Electron- 
ics Conference. IRE. Miami and Biltmore 
Hotels, Dayton, Ohio. 

May 8-12— Annual Meeting. Airport Opera- 
tors Council, Carillon Hotel, Miami 
Beach. Fla. (AOC-Amcrican Society of 


Civil 


inginec 


Joint Sem 


"In- 


creased Capacity of Airport Systems 
May 11-12.) 

Mav 9-11— Western Joint Computer Con- 
ference and Exhibit, Ambassador Hotel, 
Los Angeles, Calif. 

May 11-Air Force Office of Scientific Re- 
search Lecture and Banquet in honor of 
the 80th Anniversary of Theodore von 
Kantian, Sheraton Park Hotel. Washing- 
ton, D. C. 

May 12-National Armed Forces Dav Din- 
ncr. Sheraton Park Hotel, Washington. 
D. C. 

May 15-16-Region One Air Traffic Control 
.Assn. Convention, Hotel Bradford, Bos- 
ton. Mass. 

May 15-16-Aviation Fire Safety Seminar 
and Technical Session. National Fire 
Protection Assn., Hilton Staffer Hotel, 
Detroit, Mich. 

May 15-17-National Symposium on Micro- 
wave Theory and Techniques, IRE, Sher- 
aton Park Hotel, Washington, D. C. 

May 15.18—20U! Annual National Confer- 
ence, Society of Aeronautical Weight En- 
gineers, Sheraton Hotel, Akron, Ohio. 

May 22-24-National Telemetering Confer- 
ence. Shcraton-Towers Hotel, Chicago. 111. 

May 22-24— Fifth National Symposium on 
Global Communications, Institute of Ra- 
dio Engineers, Hotel Sherman. Chicago. 

May 26-Junc 4-2-tth French International 
Air Show, Lc Bourget, Paris, France. 

May 31 -June 2-University of Michigan's 
Seventh Annual Radar Symposium. Ann 

June 2-3-1 2th' National Maintenance and 
Operations Meeting. Reading Aviation 
Service, Inc., Reading. Pa. 

June 13-15— National Joint Meeting. In- 


Amcrican Rocket Society 
Hotel, Los Angeles, Calif.” 

July 25-Aug. 10— International Trade Fai 
and Aviation Exhibition, McCormicl 
Place Exposition Center. Chicago. 111. 
Sept. 4-10—1961 Flying Display and Exliibi 
tion, Society of British Aircraft Construe 
tots, Famborough. England. 
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Avco and... 

better 

communication 
in combat areas 

The newest combat area FM commu- 
nications equipment standardized by 
the U. S. Army Signal Corps is 
Avco’s AN/VRC-12. 

Designed, developed and produced by 
Avco's Electronics and Ordnance Division, 
the AN/VRC-12 series utilizes narrow- 
band frequency modulation, covers 30-70 
megacycles, has 920 channels and offers 
completely automatic tuning. 

Rugged and compact — one-seventh the 
size and two-thirds the weight of the 
equipment it replaces — the AN/VRC-12 
is compatible in every way with manpack, 
portable and airborne FM radio sets 
being developed by the Army for use in 
forward combat areas. 

Reducing the problems and enhancing 
the effectiveness of communications — 
whether for the Army, Navy, Air Force 
or NASA — are among Avco’s proven and 
most highly developed capabilities. 

If you have a communications problem, 
why not consult Avco’s Electronics and 
Ordnance Division . Write: Director of 
Marketing, Communications Section, 
Electronics and Ordnance Division, 

Avco Corporation, Cincinnati 15, Ohio. 


Avco 


'/ ELECTRONICS 
AND ORDNANCE 





A new switch on jet starting for the Boeing 727 




The Sundstrand dual-purpose electric starter-drive 
for the new Boeing 727 short-range jetliner offers 
many operating and cost advantages. 

This new starter-drive is derived from reliable 
Sundstrand constant speed drives that power the 
electrical systems of the Boeing 707, 720, B-52, and 
the Douglas DC-8. 

It combines the two functions of engine starting 
and transmission of power to a constant frequency 
a-c electrical generator, in a single lightweight unit 
integrated into the design of the 727’s tail-mounted 
nacelles with the P&W JT8D-I turbofan engines. 
A single on-off switch per engine selects the mode 
of operation. 


This new system also permits electric cross-starting 
from a single idling engine . . . allows the use of 
400-cycle electrical ground service through a 
single ramp outlet . . . minimizes ground handling 
equipment for starting engines . . . and provides 
power for electrical system check-out without 
engine light-up. 

Considerable economies in weight, initial cost, 
service, and maintenance are obtained by eliminat- 
ing the separate starter. The starter-drive is war- 
ranted for 2500 hours of operation. Overhaul 
expense, maintenance, and operating costs have 
been greatly reduced. Write or call your nearest 
Sundstrand Aviation office for complete details. 


SUNDSTRAND AVIATION 







From jet aircraft and missiles to automobiles and frac- 
tional horsepower motors, Purolator filters are part of 
advanced engineering design 

Sixty-five Purolator filters perform vital functions on the 
Boeing 707, 720, Douglas DC-8, Convair 600 and Convair 
880. Purolator filters form an integral part of such missile 
systems as the Hawk, Polaris, Jupiter, Atlas Terrier and 
Hound Dog. 


In fact, we filter all fluids vital to the proper operation of 
aircraft, rockets, automobiles and other machines — be they 
air, fuels, lube oils, or hydraulic fluids. In each case, the 
Purolator filter is designed specifically for the job. 

Do you have an engineering development in mind that 
would benefit by filtration? We’re the world's largest, most- 
diversified maker of filters. Chances are, one of our more 
than 2,000 units will do the job. If not — we’ll design and 
make a filter that will. Let us know your requirements. 


Filtration 
for Every Known 


purQlator 


Fluid 




As a result of development by the 
Magnavox Company in conjunction with 
the Navy Department, every Chance 
Vought F8U-2N Crusader Fighter Pilot 
sees the target at a glance— day or night, 
in any kind of weather. 

Here are the eyes of a modem weapons 
system ... a component that delivers 
the range, weight and reliability so abso- 
lutely necessary to successful tactical 
operations. 

This airborne radar system is just one 
of many systems which have been and are 
being designed and produced to satisfy 
the tactical requirements of the military 
services in the fields of Communications, 
Airborne Radar, ASW, Navigation, Fus- 
ing and Data Handling. 


Mag 


COMMUNICATIONS 


))« 



DATA HANOLING 


it 


MISSILES 
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IT IS CALLED THE A3J VIGILANTE ■ It is the airplane that flew to a new world's altitude 
record for aircraft carrying a payload of 2,204 pounds. The Navy’s A3J climbed to over 91,450 feet to set this 
record, more than 24,354 feet higher than the previous record set by a Russian jet aircraft. And this versatile 
aircraft has outstanding low-altitude capability, too. It handles easily. Gets in and out. .. in a hurry. It can carry 
out high or low level attack missions in any weather, day or night. It can operate from carriers or small-space 
airfields. It can fly at very high altitudes faster than the earth turns beneath it. This is truly one of the most 
practical, dependable, business-like airplanes in America's airborne arsenal today. This is the A3J Vigilante. 

THE COLUMBUS DIVISION OF NORTH AMERICAN AVIATION -A 

Columbus. Ohio “ 

11 




!S®dlaIk 


Kodak didn’t really get started in 
making salable systems for data 
processing and handling until 1928. 
There were no magnetic tapes in 
those days, but long strips of film 
did prove handy for helping banks 
keep track of checks. The machine 
we built for doing this was the 
Recordak Model 1 microfilming ma- 
chine; one is pictured on the right. 
Except for when the banks took a 
short rest around March, 1933, this 
machine and its vastly more tal- 
ented descendants have been serv- 
ing the banks ever since. Approach- 

documents handled for banks and 
almost every other enterprise, they 
have gone far beyond mere record- 
keeping. They have graduated to 
automatic look-up, continuous up- 
dating of directories, and even the 
training of human beings. 

Today Kodak’s Apparatus and Op- 
tical Division is a force in being 
that mates advanced microfilming 
techniques with sophisticated com- 


32 years ago Kodak 



puter gear. Below is a picture of 
one such issue of this marriage, and 
the engineers who created it. This 
device will ingest a computer tape 
or search the computer's memory, 


obtain instructions on how to draw 
letters and numerals from a char- 
acter-generating device, and put 
perfect, unfuzzy characters directly 
on microfilm at a frightening rate. 



got its start in the data handling field 



Here is a picture of a little slip of 
film, small as it actually is. Notice 
that it contains a hole, plus some 
digital data and some tiny photo- 
graphs. These three parts play a 
significant role in an automatic 
library tliat handles both abstract 
ideas and pictures, cross-references 


everything, and responds to the 
most complicated questions by de- 
livering text, charts, maps, photo- 
graphs, and documents in a form 
that a man can read in bed, security 
regulations permitting. The chaps 
below are the Kodak force in being 
that created this library system. The 
little slips of film, of course, are 
never touched by human hands. It’s 
largely a pushbutton operation. 


Users find it worth every kilobuck. 

Yes, we know how to force pho- 
tography to make significant sense 
for storing and working with digital 
and analog data. Have you heard 
about the photographic plate* that 
can store the multimillion-bit pro- 
gram of instructions for arranging a 
nation's telephone long-distance 
lines to handle the Mother’s Day 
traffic? 



< — ^ The system on the left is called "Dacom’’ and the one 
above is called “Minicard.” Information about them is supplied 
by Recordak Corporation, 415 Madison Avenue, New York 17, 
N. Y. (Subsidiary of Eastman Kodak Company). We are not 
trying to advertise them here. They are merely disclosable 
examples of what Kodak does in conceiving and building ap- 
paratus on the present borders of feasible technology. 

Shall we meet and talk of the connection between our capabil- 
ities and your problems? 



EASTMAN KODAK COMPANY, Apparatus and Optica / Division, Rochester 4, N. Y. 




because positive, reliable engine anti-icing was essential... 



Vertol Division of Boeing selected Vap-Air 
Inline Valves for their new "Chinook” Helicopters 


Vertol Division's new "Chinook” Helicopters 
are engineered for demanding day-in, day-out 
all-weather service. Powered by two depend- 
able high-performance Lycoming T-55-L-5 gas 
turbine engines, operational reliability and 
safety were essential considerations in the 
“Chinook” design. 

To assure positive, reliable engine anti-icing 
protection, Vap-Air Inline Valves were selected 
for engine bleed-air shut-off. Compact, light- 
weight, and of simple design, these valves 
have only one moving part. They combine the 
advantages of fast action and tight closure, 
with low weight-to-size ratio. 


The Vap-Air Inline Valve shown is designed 
to operate from sea-level to 25,000 feet, at 
duct pressures from 4 to 35 psig; duct tem- 
peratures from -65°F. to 460°F.; and ambient 
temperatures from -65° F. to 350° F. Other 
models available for temperatures to 850°F., 
and ambients to 850°F. 


VAP-AIR . . . SPECIALISTS IN AIRCRAFT 
THERMAL CONTROLS FOR NEARLY 20 YEARS 




COMPLETE CONTROL CAPABILITIES 


IG CORPORATION. 0 


SEE US AT BOOTHS 36-37, AMERICAN HELICOPTER SHOW, MAY 3-5, SHERATON PARK HOTEL, WASHINGTON, D.C. 
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Who saw the Crab Nebula first? 


The Crab Nebula was born on the fourth of July, 1054, and 
was one of the most spectacular explosions in man's recorded 
history. Despite the fact that it was visible all over the earth 
in broad daylight, the notations of a few Chinese astrologers 
are all that give a clue to its birth. 

Today the most minute disturbance in the skies brings 
batteries of J. W. Fecker telescopes and tracking devices 
instantly to bear. The Crab Nebula was lost for 700 years 
before it was found by astronomers of the 18th century. A 
recent nebula was picked up by three observatories on as 


many continents within 15 seconds of each other! 

J. W. Fecker is the country’s oldest manufacturer of tele- 
scopes. Its product development in the fields of advanced 
optics and electrical, hydraulic, pneumatic control is used 
by government, industrial and private institutions the world 
over. Our laboratories and manufacturing facilities are avail- 
able-for projects in all of these fields. 

ENGINEERS AND PHYSICISTS! Opportunities of un- 
usual scope for creative men. J. W. Fecker Div., American 
Optical Co., 6259 Hamilton Ave., Pittsburgh 6, Pa. 



FECKER DIVISION 


AMERICAN OPTICAL COMPANY 



Convair 540 
Conversion 
with 

Napier Jet-Prop 
Engines 


Convair 540s undergoing modification with Napier Jet-Prop engines at AiResearch Aviation Service, the most 
experienced company in the modification of pressurized aircraft. 


AiResearch Aviation Service converts Convair 
340s and 440s into high performance airliners and 
executive aircraft with Napier Jet-Prop engines 
specifically designed for the Convair 540. 

With over-weather cruising speed of 326 mph and 
payload (range capacity of 60 passengers for 800 
miles or 10 executives transcontinental nonstop), the 
Napier Jet-Prop 540 provides a smoother ride at 
greatly reduced noise levels and improves economy 
of operation in airline or business transport. 

An AiResearch auxiliary gas turbine installation 
(optional equipment) makes the Convair 540 self- 
sufficient on any landing strip. The on-board unit 
provides complete engine starting and all power for 
ground air conditioning and preflight checkout. 

Installation of the 3500 eshp Napier “Eland 504” 
Jet-Prop engines with four-bladed propellers includes 


structural modification to engine nacelles, new instru- 
mentation, and electronic and radio system modifica- 
tion in minimum down time. 

Conversion of Convair 340s and 440s to Napier- 
powered Jet-Prop 540s is performed exclusively at 
AiResearch Aviation Service, the most experienced 
company in the modification of Convair 240s, 340s 
and 440s into executive aircraft and luxury airliners. 

Employing more than 600 of the most highly trained 
and experienced engineers, technicians and craftsmen 
in the industry, AiResearch performs all design, engi- 
neering, fabrication and installation work in one loca- 
tion to meet the conversion, modification, maintenance 
and overhaul requirements of any aircraft. 

Write, wire or telephone today for complete infor- 
mation regarding your Convair 540 conversion with 
Napier Jet-Prop engines. 


THE 


Customer confidence is our most highly regarded asset. 

ation A Research Aviation Service Division 




NORTHROP BUILDS IT. 


On a radar screen, the RP-76 target missile can look as big as the largest enemy bomber. Rocket powered, it 
flies faster than sound, operates above 70,000 feet. Yet this little giant is less than ten feet long, weighs just over 
300 pounds, and parachutes down for re-use after completing its run. It is the heart of the Army’s program for 
training the ground-to-air missile crews who guard our cities. The complete target and tracking system is made, 

managed and serviced for the Army by RADIOPLANE 

NORTHROP 

17 



NO STARS? No matter — the advanced RYAN 
AN/APN-130 Doppler Navigation set for heli- 
copters provides accurate data at altitudes up to 
10,000 feet, even under zero visibility conditions. 
By automatically and continuously detecting 
and displaying drift, vertical and heading speeds, 
the APN-130 permits precise hovering, accurate 
navigation and automatic flight control over land 
or seas (even smoother than Beaufort 1). 

Now in full production, the APN-130 is in use 
with the Navy’s most modern helicopters— the 
Sikorsky HSS-2 and Kaman HU2K-1. Applications 
for the APN-130 include anti-submarine warfare, 
rescue, navigation, blind landings, automatic 
hovering, aerial service, drone helicopter control, 
reconnaissance and traffic control. 

World leader in C-W Doppler navigation, Ryan 
Electronics is also helping to achieve vital break- 
throughs in many fields of Space Age technology. 



ELECTRONICS 


Aviation Week 

and Space Technology 





A cross-section of disciplines directed toward Space Technology Leadership 

The technical staff at Space Technology Laboratories is the free world's most experienced group devoted exclusively to advances in 
the civilian and military applications of space technology. • Among STL's strengths is a versatile capability created by a cross- 
section of the scientific and engineering disciplines. This enables the technical staff to anticipate and solve new problems in every 
area of space technology from fundamental research to complex hardware design and fabrication. • Today, STL's growth and 
diversification are opening up exceptional opportunities for outstanding scientists and engineers. Their talents and training will 
bring strength to, and gain strength from, an organization devoted to a single purpose: constant advancement of the state-of-the-art 
in the exploration and understanding of space. • STL invites the outstanding scientist and engineer to investigate the dynamics of 
a career in this atmosphere of Space Technology Leadership. Resumes and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC. 


EDITORIAL 


Polaris on Station 


During the past five months, a radically new element 
has been added to the U.S. strategic deterrent posture 
by the Polaris solid-fueled ballistic missiles emplaced 
under the sea in nuclear-powered submarines. The 
Polaris-firing submarines George Washington and Pat- 
rick Henry have already made successful combat cruises 
carrying their multi-megaton loads in the ocean depths 
for more than two months at a time. The Robert E. 
Lee has completed its firing trials and is due for its 
first combat patrol soon, while the Theodore Roosevelt 
is in the midst of its firing tests on the Atlantic Missile 
Range. It will be followed in combat status by the 
Abraham Lincoln and Ethan Allen. By mid-summer, 
there will be six of these submarines combat-ready, carry- 
ing a total of 96 Polaris missiles on station as a significant 
increase in both the quantity and survivability of our 
deterrent forces. 

The submarine-emplaced Polaris is not an invulnerable 
weapon system nor is it the sole answer to the problem 
of deterrence in the missile era. But it does add a 
unique element of complexity to any potential enemy’s 
aggressive intentions, and it makes its contribution 
within a time-scale of enormous significance in the cur- 
rent and near future international balance of military 
power. Along with the hardened land-based ICBMs 
and the airborne Hound Dog and Skvbolt missiles, the 
Polaris submarines should form a deterrent pattern of 
sufficient firepower, dispersion and survivability from 
surprise attack to provide a stable deterrent force in the 
missile era. 

In an era when traditional types of military organiza- 
tions have become less and less able to cope with the 
problems forced on them by the galloping technologies 
of our times, the Polaris program provides one of the 
best examples of a military-technical-management pat- 
tern that effectively harnessed the new technologies to 
a military problem within a short enough time period to 
be significant in the international power scale. 

Although the Polaris program now embraces nearly 
9,000 organizations down through its third tier of sub- 
contractors and has utilized the resources of universities, 
research institutes and other government agencies, it 
began with a single Navy admiral. "Red" Raborn, his 
single assistant and a piece of paper signed by the chief 
of naval operations that said simply: “Give this officer 
whatever he needs.” 

The period from the creation of Navy’s Special Proj- 
ects Office in December, 1955, to study the problem of 
developing ballistic missiles for use at sea to the date 
the George Washington put to sea for its first combat- 
ready patrol Nov. 15, 1960 was less than half the normal 
military development cycle time for a new weapon 
system. From the time the Polaris was officially ap- 
proved as a project in its present form on June 1, 1957, 
to the time this summer when an effective, combat- 
ready Polaris submarine force will be deployed will be 
only four years— a truly remarkable record. 

The Polaris program has pushed many basic state-of- 


the-art advances along a wide spectrum of technology. 
With Atlantic Research Corporation's breakthrough on 
specific impulse, it sparked a resurgence of interest in 
solid propellants and mastered the techniques of con- 
trolling large solid-fueled rocket motors in addition to 
developing new high temperature metals to permit 
better performance. Sparked by Dr. Stark Draper’s 
Massachusetts Institute of Technology inertial guidance 
group, the Polaris guidance system pioneered the re- 
duction of this equipment into extremely small pack- 
ages of high precision performance. Submarine naviga- 
tion was developed to 10 times its earlier precision, 
and basic new techniques of high speed warhead re-entry 
that evolved from Polaris development have been ap- 
plied to other types of ICBMs. 

These technical advances are still continuing and, as 
an extremely interesting facet of the Polaris management 
techniques, have been carefully scaled in time to pro- 
duce a constantly improving missile from the original 
1,200-mi. range A1 now in use to the 1,500-mi. A2 and 
and the 2,300-mi. A3 model whose development will be 
accelerated under the new defense budget. 

From the taxpayer's viewpoint, this provides major 
insurance against too rapid obsolescence of the multi- 
billion dollar investment in the Polaris weapon system. 
From the military viewpoint, it provides the Polaris 
system with increased survivability by permitting the 
submarines to operate and fire farther out in the oceans 
where their detection, pursuit and attack becomes even 
more difficult for an enemy that has no land bases along 
the Atlantic rim. 

Polaris also produced significant state-of-the-art ad- 
vances in the techniques of military-technical manage- 
ment. This management pattern organized by Adm. 
Raborn and his crew, with Lockheed Missiles & Space 
Division as prime missile system manager, should be 
carefully studied as a prime example of how to approach 
the increasingly complex problems of welding scientific, 
industrial and economic resources into the desired end 
product fast enough to be significant cither in military 
or industrial competition. The PERT electronic man- 
agement device developed in the Polaris program has 
been the foundation for a variety of similar systems 
now being widely used in industry. 

Among the other outstanding management achieve- 
ments in Polaris are the standardization of highly com- 
plex components, such as gyros, produced by as many as 
four separate sources; the fixing of responsibility with 
authority all down the management chain; and the 
streamlined overhead that used only 700 persons, includ- 
ing clerical help, to manage what ran as better than a 
billion-dollar-a-year program. 

The Polaris program is a heartening example of what 
this country's technology, industry and military leader- 
ship can accomplish when they organize properly and 
proceed with firm decisions toward a well-defined goal 
no matter how far out on the technical horizon it may 
loom at the outset. —Robert Hotz 
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RECONNAI S SANCE 

THE LACK OF IT 
AND A FAULTY COMMAND 


The year is 1862. The Army of ihe | J '' le ^rniy of the Potomac. During this 

Potomac. 70,000 men in blue, is primed to early phase of the War, Union reconnais- 


do battle. Facing them. General John B. Magruder’s divi- 
sions of the Confederate Army of Northern Virginia firmly 
entrenched before Richmond, but numbering only 15,000. 
The sheer weight of Federal men and equipment apparently 
is sufficient to gain the victory, destroy the Southern force, 
capture the Confederate capital and perhaps end the war. 

But General George B. McClellan, the Union Com- 
mander, never orders the advance. Why? 

During the years preceding the war, adequate provi- 
sions for reconnaissance had not been made. McClellan’s 
intelligence, directed by the famous detective Allan 
Pinkerton, overestimated the strength of the Confederate 
forces . . . overestimated those forces to be twice those of 


sance cavalry is too inexperienced and limited in number 
to verify this civilian intelligence. And so this singular 
Union opportunity slowly ebbs — dissolving into three 
more years of bloody warfare ... the result of a faulty 
command decision. 


From the beginnings of communities on the (ace of the earth, 
reconnaissance has helped shape history. Today CAI's specialty 
in this area is helping shape history to the advantage of the Free 
World. Typical of CAI contributions are: V.I.P. Visual Integrated 
Presentation, data display system; KA-30 the world's most ver- 
satile aerial camera: SOLO the only electro-optical "available 
now” guidance system. 
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WHO'S WHERE 


Iu the Front Office 

Mundy I. Pcale. president of Republic 
Aviation Corp., elected a director of Bausch 
&• Lomb, Inc., Rochester. N. Y. 

Ralph S. Euler, banker, a director of 
Houston Fearless Corp.. Los Angeles, Calif. 

James L. Jenks. Jr., board chairman, and 
George A. Sanderson, vice-chairman. San- 
born Co., Waltham. Mass. Alfred E. 
Lonnbcrg succeeds Mr. Jenks as president. 

Dr. 1. M. Levitt, a director. The Decker 
Corp., Bala Cymvyd. Pa. Dr. Levitt is 
director of Philadelphia's Pels Planetarium 
of the Franklin Institute. 

Clifton P. Walker, investment banker, 
elected a director of Amphenol-Borg Elec- 
tronics Corp., Broadview. Ill, 

Raul H. Frye, president. Cameron Corp., 
Yonkers, N. Y. 

L. R. Barr, vice president and general 
manager. Lear-Romcc Division of Lear. Inc., 
Elyria, Ohio. 

John T. Hartley, vice president-corporate 
marketing. Radiation. Inc.. Melbourne. Fla. 

H. C. Briggs, vice president, Collins 
Radio International CA. with offices in 
London. England. 

Dr. Richard E. Hillgcr, vice president- 
research, AirTechnology Corp., Cambridge. 

Dr. James H. Gardner. 3 vice president, 
National Research Corp,, Cambridge, Mass. 
Dr. Gardner continues as general manager 
of the Metals Division. 

John E. Lillicli, vice president-manu- 
facturing. Shallcross Manufacturing Co., 
Selma. N. C.. and Clement W. Sharek, 
vice president-engineering. 

John If. Clarke, vice president. Systems 
Division of CompuDvnc Corp., Hatboro, 
Pa. 

J. Penn Rutherford, executive vice presi- 
dent. International Resistance Co., Phila- 

Dr. Ernest Wantuch, a vice president of 
Airtron. a division of Litton Industries, 
Morris Plains. N. J. Dr. Wantuch is 
director of the Advanced Devices Laboratory 
of Airtron. 

R. J. Miller, vice president-sales. Milwin 
Associates. Tar/ana. Calif. 

II. Richard Alexander, vice president, 
llarvill Corp.. Los Angeles. Calif. 

Lambert F. Lyons, vice president-director 
of engineering. American Avionics. Inc., 
Los Angeles. Calif., a division of Astro- 
Science Corp. 

Albert P. Albrecht, vice president and 
general manager of a newly created Space 
Electronics Division of Space Electronics 
Corp., Glendale, Calif. 

Changes 

George H. Buchner, manager-contracts 
and customer service. Convair (San Diego) 
Division of General Dynamics Corp. 

Edwin J. Jackson, manager-aircraft instru- 
ment engineering, General Electric Co.’s 
Instrument Department, West Lynn, Mass. 

Benjamin H. Cook, public relations man- 
ager, California Division of Lockheed Air- 
craft Corp., Burbank, Calif. 

E. L. Bunnell, military sales manager. 
Field Aviation Company, Ltd., Toronto. 

(Continued on page 118) 


INDUSTRY OBSERVER 

► Team of Hughes Aircraft and Chance Vought is offering to build a com- 
munications satellite and launch it into a synchronous equatorial orbit with 
a Scout booster for S20 million under a fixed-price contract as evidence of 
their confidence that they can do the job. Price would include cost of 
launching from Jarvis Island, a U.S. Pacific island near the equator. Plan 
has been proposed to Defense Department and several communications 
common carriers. Price is based on prosiding fisc vehicles and satellites to 
assure successful orbit. 

► Proposal request for shipboard long-range input (SLRI), which would 
supplement Air Force’s airborne long-range input (ALRI), may lie issued 
late this year. ALRI is an airborne radar-data processing seaward extension 
of the SAGE system, and SLRI would add capability for supplementary 
surface warning of airborne attacks. Airborne tests of ALRI arc now being 
flown from Ontario, Calif., and arc scheduled to be completed in mid- 
summer. 

► Second Short SC.l VTOL research aircraft, retained by the company at 
Belfast for development, is being modified for all-weather flight with a semi- 
automatic landing system. Biggest problem is to control deceleration before 
landing. More than 150 SC.l complete transitions have been made in free 
flight, and the first "jump" takeoff has been made from a solid runway— in 
spite of its unfavorable ground effect compared with a slotted platform. 

► USAF’s Project Asset (aerothermodynamic structural systems evaluation 
test) calls for launching of six or seven hypersonic glider models on Blue 
Scout boosters to study the effects of heating on structures of the type that 
will be used on Dvna-Soar and follow-on boost-glide vehicles. Gliders will 
be fired to velocities of 19,000-20,000 fps. and altitudes reaching 400,000 mi. 

► Initial acceleration of Army's Western Eleetric-Douglas Nike Zeus anti- 
ICBM missile is nearly 630 fps. To get this extremely high perform- 
ance. development of the 47-ft., 22.000-lb. missile is reported to have 
accounted for about a third of total system development costs. In produc- 
tion. all airborne elements of the system are expected to amount to 12% 
of the total cost of a minimum-strength Zeus installation. 

► Wright Air Development Division will support a new study of how 
various materials withstand high intensity electromagnetic radiation under 
various environments. Contract award is expected shortly. 

► Fairchild VZ-5 deflected slipstream VTOL test vehicle is still undergoing 
wind tunnel testing at NASA’s Langley Research Center. It is expected 
shortly to join the other three Army VTOL testbeds, which have been in 
flight status for several months. 

► Army has canceled plans to launch a series of Sperry Sergeant missiles 
from San Nicholas Island into the Pacific Missile Range's sea test range. 
The firings had been intended to determine how test data collected in the 
high desert climate of White Sands Missile Range is altered in humid, sea 
level operations. 

► Several Cape Canaveral launching pads which handle Atlas-boosted space 
vehicles may be given dual vehicle capability under various schemes USAF 
and NASA are studying. One plan calls for Pad 12. which already has 
been used for Atlas-Agcna in the Midas program, to handle both Atlas- 
Agenas and Atlas-boosted Mercury vehicles; for Pad 13 to handle both 
Atlas-Agenas and Atlas-Centaurs; for Pad 14 to handle Mercury only; and 
for Pad 36B— now scheduled only for Centaur— to handle both that and 
Atlas-Agenas. 

► Navy has been investigating possible use of an optical maser capable of 
generating coherent beams of yellow-green light as a means of detecting 
submerged submarines. Higher frequency electromagnetic energy, including 
light waves, generally are attenuated severely under water, but a window 
in the yellow-green portion of the visible light spectrum may permit light 
of this color to travel over relatively long distances under water. 
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SILICOLOGY 


Stud/es in Silicones 

HOW THESE TIME-TESTED MATERIALS 
CAN WORK FOR YOU 



Disarmament Studies 


Joint Fighter Project 


Pp ace Council Change 


Washington Roundup 

John J. McClov, the President’s disarmament adviser, and Walter Heller, chief of 
the President's Council of Economic Advisers, have held preliminary talks on the possi- 
bilities of coordinating studies of the international and domestic aspects of various dis- 
armament plans. , ,, ... 

Betts' Goetz, named last week by the President as special assistant to McClov, will 
continue to direct the comprehensive studv of the Senate Foreign Relations Subcom- 
mittee on Disarmament (AW Feb. 1 3. p. 26) on the impact of the cancellation of defense 
business on major defense contractors, as well as on business generally. She was formerly 
staff director for the subcommittee. The study is nearing completion. 

Meanwhile, draft proposals of legislation to establish a disarmament organization- 
cither in State Dqxirtmcnt or as an independent agenev-are being circulated among top 
executive branch officials for comment. 

Atomic Energy Commission docs not plan to orient its reactor and materials research 
program toward any aircraft nuclear propulsion (ANP) applications. Instead it will 
absorb its former ANP funds into its broad research program on reactors and materials. 

The agenev also wants to move this research from the General Electric and Pratt & 
Whitney ANP facilities and into its own laboratory at Livermore, Calif. It claims the 
contractors' facilities are too expensive for the amount of work that would remain there. 

Air Force is recommending that President Kennedy’s proposed acceleration of the 
phaseout of B-47 strategic bomber wings be postponed for a year. In the past year, B-47 
wings already have been reduced from 20 to 1 3, cutting out a total of 31 5 aircraft. 


Defense Secretary Robert McNamara is insisting that the TFX tactical fighter, which 
originally was an Air Force proposal, be developed as a tri-service project. He saw what 
he considered duplication in the STOl. fighter area and ordered a consolidation. 
Defense's research and engineering office looked over the requirements of the three serv- 
ices and found them incompatible. But McNamara now has sent a team from that office 
out to ask manufacturers if the various requirements can be incorporated into one aircraft. 

At the same time. Air Force is under pressure to consider using the Navy McDonnell 
F4H. Its two General Electric J79 engines give it some 36,000 lb. of thrust, and 
Marine Corps is operating it out of 3,000 ft. strips. 

Reorganization at the Air Staff level to conform with the new Air Force Systems 
Command and Air Force Logistics Command structure will turn the former deputy 
chief of staff-materiel office into deputv chief of staff-systems and logistics. It will be 
headed bv Lt. Gen. Mark E. Bradley. Jr., who now holds the materiel post. He will 
have two deputies— one for systems, one for logistics. Maj. Gen. Marvin C. Demler, now 
director of aerospace svstems development under the deputy chief of staff-development, 
is slated for the systems job, and Maj. Gen. W. O. Sentcr. now assistant deputy chief 
of staff for materiel, is to get the logistics job. 

'Hie present deputy chief of staff-devciopmcnt office will become deputy chief of 
staff-research and technology, with the new Office of Aerospace Research reporting to 
it. Lt. Gen. Roscoe C. Wilson, now deputy for development, would head the research 
and technology office. 


Legislation to change the national space act so Vice President Lyndon Johnson can 
head the National Aeronautics and Space Council is expected to go to Capitol Hill this 
week. The present intention is to make the council a national space program planning 
bodv rather than just a body for settling disputes. 

While President Kennedy will seek advice from the council, lie will not abandon 
his present practice of soliciting space advice from individuals-chieflv Johnson, presi- 
dential science adviser Jerome B. Wiesncr and the administrator and deputy adminis- 
trator of National Aeronautics and Space Administration. 

Watch for presidential science adviser Jerome B. Wiesner to create a panel on 
super-boosters to determine which of those now in development should continue, 
whether new ones arc needed and whether Air Force or National Aeronautics and Space 
Administration should develop any new ones that are ordered. 

Air Force will reduce the number of Study Requirements (SRs) and limit their 
forward look to about 10 years in most instances, following criticism that these study 
efforts are tving up many of the nation's best scientific minds. In the future. Under 
Secretary Joseph Charyk must approve initiation of all SRs. 

—Washington Staff 
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Boeing Studying Space Bomber Concepts 


Three-year Air Force Boss-Wedge program includes 
assessment of manned, unmanned military systems. 

Extensive series of studies to assess the value of using manned and 
unmanned space vehicles in bombing, reconnaissance and other military 
missions is being conducted by Boeing Airplane Co. for the Air Force Systems 
Command under a broad three-vear program known as Boss-Wedge. 

The term Boss-Wedge is a combination of the acronyms Boss, from bomb 
orbital strategic system, and Wedge, from weapon development glide entry, 
which arc the designations for the principal parts of the over-all space 


bomber concepts. 

Selection of Boeing to run the studies, 
in which several other leading aerospace 
firms arc participating, indicates that 
Dyna-Soar boost glide vehicle concepts 
figure prominently in the investigation. 
The company has been funded princi- 
pally under the Boss-Wedge program 
by the former Wright Air Dev elopment 
Division of Air Research and Develop- 
ment Command for advanced research 
and development on follow-on versions 
of Dyna-Soar. These additional vehicles 
are designated Dyna-Soar 11, Dyna-Soar 
111 and Dvna-Mows, for manned orbital 
weapon system, an advanced version of 
Dvna-Soar III. 

One of Boeing's primary aims in 
Boss-Wedge, according to industry 
sources, is to assure itself a pre-eminent 
position in future military space weap- 
on programs by exploring all wavs and 
means of using space weapons in the 
Boss-Wedge program. Then, should the 
Department of Defense issue a go-ahead 
on any specific military vehicle or sys- 
tem approach, it will be in a command- 
ing position to follow up on the project. 
As a consequence, a multitude of 
weapon ideas arc being pursued- Both 
manned and unmanned weapon 
schemes, utilizing Dyna-Soar, Slomar 
(AW Oct. 24. p. 23) and other vehicle 
concepts are under consideration. 

Any of these studies may mature be- 
yond study into the hardware feasibility 
stage, industry sources say. 

Two Teams Assist Boeing 

To conduct the studies. Boeing has 
assembled two teams, each composed 
of a number of aerospace companies 
with combinations of talents that Boe- 
ing docs not itself possess. Working 
with it in Boss-Wedge are several of 
the companies participating in the cur- 
rent Dyna-Soar program. 

Boeing directs each team, but each 
functions independently, following sim- 
ilar work statements.' Because each 
team is competing for the best techni- 
cal approach and to avoid compromis- 
ing the independence of either group, 
companies on one team are cautioned 
against discussing the project with any 
company on the other team. Members 


of each team meet at periodic work- 
shops conducted by Boeing. 

Boeing is responsible for project 
management, aerodynamics, boosters, 
logistics and support for both teams. 
Members of the first team and their 

• Guidance— Sperry Gyroscope Co. 

• Tracking and data processing— Rem- 
ington Rand Univac. 

• Communications and countcrmeas- 
ures-Radio Corp. of America. This 
company will supply the communica- 
tions-data link subsystem for the Dvna- 
Soar I. 

Second team consists of: 

• Guidance — Minneapolis-Honeywell. 
This company recently was awarded 
the guidance' and control subsystem 
contract for Dyna-Soar I. 

• T racking — data processing — Hughes 
Aircraft Co. 

• Communications and countermeas- 
ures— Sylvania Electric Products. Inc. 


Terminal ICBM Defense 

Proposals for a contract to buikl a pro- 

bal’lUlic missiles known as ARPA Ter- 
minal (Arpat) arc being evaluated by the 



Gel, end Electric. Johns Hopkins Uni- 
versitv's Applied Phvsics Laboratory, 
Arthur D. Little. Hughes Aircraft, ACF 
Industries, Perkin-Ehner, Raytheon, 
Columbia and Cornell universities. 


Companies reported to be working 
on other aspects of the Boss-Wedge 
program or studies which will feed into 
it include Raytheon Co.. General Elec- 
tric's Light Military Electronics De- 
partment, Convair division of General 
Dynamics. North American Aviation. 
Douglas Aircraft. McDonnell Aircraft 
and Martin Co., whose Titan 11 will 
be the booster for the initial Dyna- 
Soar shots. Some of these studies arc 
funded by USAF but others arc not. 
Outgrowth of Boss-IOC 

Present Boss-Wedge program had its 
origins in the Boss-IOC (bomb orbital 
strategic system— initial operating capa- 
bility) study of an unmanned vehicle 
with ballistic re-entry and a single 
24-lir. elliptical orbit. This early effort 
to determine the military value of spice 
weapons was concluded last Septem- 
ber. The Boss-IOC concept was rela- 
tively rigid in that it specified a system 
configuration which had to be studied. 

This early Boss weapon system con- 
cept was enlarged in a subsequent 
SI 40.000 study under Study Require- 
ment 79S21 which was awarded to 
Boeing by WADD last October. Com- 
pleted recently, this study, entitled Ad- 
vanced Earth Orbital Weapon System 
(Low Orbit), is devoted to weapon car- 
rying vehicles on missions below 1.000 
naut. mi. from the earth's surface. 
Three bomber vehicle concepts arc 
considered. These are: 

• Concept A— Manned vehicle, weapon 
attached, ballistic re-entry. 

• Concept B— U n manned vehicle, 
weapon attached, ballistic re-entrv. 

• Concept E— Manned vehicle, weapon 
unattached, winged re-entry. 

For each of these three missions, 
necessary vehicle parameters and sub- 

investigated. Vehicle aerodynamics, 

putcr gear were among the topics of 
Study. A final report on SR-79821 is 
scheduled for delivery sometime this 
month. 

Shortly after the low-orbit weapon 
system study was awarded to Boeing, 
tiic company was asked bv Ballistic 
Missile Division to undertake another 
study. Advanced Earth Orbital 
Weapon System (High Orbit). The 
study is numbered SR-79S22, and dove- 
tails With SR-79S21. Tin's six-month. 

5200,000 Boeing-directed study, to be 
completed late next month, is another 
outgrowth of the original Boss concept. 
It is concerned with vehicles at alti- 
tudes above 10.000 naut. mi. The basic 
Boss-IOC configuration was selected 
with two specific missions: 
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• Concept C— Unmanned vehicle, 
weapon unattached, ballistic re-entry. 

• Concept D— Manned vehicle, weapon 
unattached, ballistic re-entry. 

Roughly three quarters of the 
SR-79S22' effort is devoted to the Boss- 
IOC idea of a vehicle in a 24-lir. orbit. 
The remaining quarter is directed to- 
ward the ballistic re-entry concepts C 
and D. 

Sandwiched between the high and 
low orbit earth weapon system studies 
was a separate four-month, SI 00,000 
study of hardware and subsystems un- 
der Boss-Wedge conducted for the Air 
Force Spceial Weapons Center. Com- 
pleted late last year, the study was con- 
cerned with such things as system ca- 
pabilities for space boosters without 
weight limitations and probable com- 
ponents available during the decade 
after 1970. 

Boeing studv teams are about to 
begin a two-year study of Dyna-Soar 
III under a S250,000-pcr-ycar contract 
awarded to Boeing from WADD. This 
effort will involve an attempt to apply 
to advanced weapon system missions 
much of the knowledge accumulated 


during earlier Dyna-Soar II studies. 
About one-third of the effort will be 
devoted to a preliminary investigation 
of the advanced Dvna-Soar III known 
as Dyna-Mows. 

Dvna-Soar III effort will be divided 
into two parts, the first concerned 
with: 

• Revising Bocing-Martin boost glide 
weapon studies and modifying these 

• Selecting up to three possible mis- 
sions, such as bombing and support and 
then detailing them. 

Tlie second part of this effort will: 

• Define which equipment will be 
needed on the space vehicles selected 

• Find out which items will require 
long research and development periods. 

• Develop an environmental test pro- 

The Wedge program, which began 
in late September (AW Oct. 3. p. 33) 
and will run through December of this 
year, is an unfunded, company-backed 
study in which industry participants 
arc expected to finance their own work. 
Wedge is an extension of Boss-IOC 


and is to determine characteristics of 
second generation vehicles for the fol- 
lowing: 

• Non-combat missions, such as re- 

• Manned combat, presumably bombing 

• Unmanned vehicle for expendable 
missions. 

Slomar type vehicles arc under serious 
consideration in the Wedge studies. 
A 50-man Boeing analysis effort com- 
pleted tradeoff studies of types of or- 
biting weapon systems which should be 
maintained in space by a support ferry. 
Because of the high boost and payload 
costs, this analysis revealed, it is eco- 
nomically undesirable to use Slomar 
concepts for vehicles weighing less than 

10.000 lb. 

Hence, a Dyna-Soar v ehicle would be 
expected to return with its pilot while 
a larger vehicle might be maintained in 
space and have its crew replaced in 
space by a Slomar vehicle, which could 
return to earth. Slomar concepts are 
under study at Douglas. Northrop. 
Martin. Ceneral Electric, Lockheed, 
and Convair. 


Navy Plans to Propose Sea 


Washington— Navy will make one 
more attempt to get approval to de- 
velop the Sea Scout, a family of four 
solid-propellant satellite launchers that 
would make use of surplus Polaris mis- 
sile engines as the submarine-based 
missiles arc retrofitted with improved 

Dr. Herbert I'". York, former Defense 
Director of Research and Engineering, 
refused to approve this and other pro- 
posed Navy astronautics projects when 
the Fiscal 1962 budget was being formu- 
lated late last year. 

Since National Aeronautics and 
Space Administration would supply two 
rocket engines from its Scout vehicle 
as upper stages for Sea Scout. Navy 
went as far last February as negotiating 
a joint program management plan with 
NASA— apparently in the hope that 
Sea Scout would be approved during the 
Kennedy Administration's recent review 
of the Fiscal 1962 budget requests. 

Air Force has for some time had 
the space booster development mission. 
It recently was given responsibility for 
most payload development also (AW 
Mar. 13, p. 304). To develop Sea Scout 
and some of the payloads it would 
launch. Navy would have to gain specific 
exceptions to these two general rules, 
through the director of defense research 
and engineering and the secretary of 
defense. 

Testimony released late last week by 
the House Science and Astronautics 
Committee revealed that as late as last 


Feb. 20, Dr. York still was willing to 
listen to Navy’s proposals on Sea Scout 
once it had completed discussions with 
NASA. The project still is not funded 
in Navy’s Fiscal 1962 budget requests. 

The testimony indicated that Sea 
Scout development would have cost 
the Navy $10 mllion in the first year. 
It also revealed a number of technical 
details of the vehicle, which would be 
launched from ships and possibly from 
Polaris subs. 

Sea Scout family divides this wav: 

• Sea Scout I. This would be a 30,000- 
lb. rocket, compared with Scout’s 

36.000 lb., and would be 41 -ft. long 
instead of Scout’s 72 ft. But it would 
put a similar payload into orbit by using 
the two Aerojet Polaris A1 engines plus 
the NASA Scout's two upper stages, 
joined bv a simple interconnection. 

• Sea Scout IA. This would use Polaris 
A1 motors with improved NASA Scout 
upper stages now under development. 

• Sea Scout II. This would introduce 
the higher thrust Polaris A2 engines 
now being test fired by Navy as the 
two lower stages. 

• Sea Scout III. This would use the 
still higher thrust Polaris A3 motors 
now under development. 

When the A2 motors have been 
ualified, Navy told the committee, 
olaris Als in sendee will be recalled 
and retrofitted with the 1.500-mi. A2 
motors. This would provide about 50 
surplus Als for the Sea Scout program. 
Later, the A2s in sendee would be re- 


Scout Again 

placed by 2,300-mi. A3 motors and the 
A2s will be available for Sea Scout. 

Capt. Robert F. Frcitag, astronautics 
officer for Navy's Bureau of Weapons, 
said each Sea Scout would cost from 

5750.000 to 51 million. Thor-Able-Star 
boosters launching Navy's Transit satel- 
lites cost 54 million apiece, he said. 

Twelve Firms Bid On 
Offshore Launch Study 

Washington— Proposals for a prelimi- 
nary design study of an offshore launch 
facility for Saturn and other large space 
boosters were submitted to the National 
Aeronautics and Space Administration 
last week by twelve companies, some 
bidding as teams. 

Varietv of approaches presented to 
NASA’s Marshall Space Flight Center 
included floating barges, Texas tower 
type facilities and land-fills. NASA, as 
well as Air Force, is investigating sea 
launches off Cape Canaveral (AW Dec. 
12, 1960, p. 60) both to minimize the 
dangers of large nuclear- and convcn- 
tionallv-powercd vehicle explosions and 
to ease the strain on Atlantic Missile 
Range facilities. 

Companies submitting proposals for 
the 7,500 engineering-manhour study 
included: Aerojet-General with Todd 
Shipyard; American Machine &• Foun- 
dry; Cal-Val Engineering with Harbor 
Boat Co. and DeLong Corp. with 
Ford’s Aeronutronic Division. 
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Further Defense Budget Changes Possible 


By Larry Booda 

Washington— Defense Secretary Rob- 
ert S. McNamara told Congress last 
week that changes recommended in the 
defense budget are only the obvious 
major revisions discovered so far, and 
that “if further changes arc found to 
be essential, we shall propose them 
promptly to the Congress during the 
current session." 

A comprehensive review of the 
budget must await a complete reap- 
praisal of the basic national security 
policies, plans and programs, the re- 
sults of which mav not be fully avail- 
able for submission to the current ses- 
sion of Congress, he told the Senate 
Armed Services Committee. 

Congressional reaction to the recom- 
mended budget changes was generally 
favorable, but Sen. Richard B. Russell, 
(D.-Ga.) chairman of the committee, 
said that unless the North American 
B-70 Mach 3 bomber program, which 
is slated for a cut back, is continued as a 
complete weapon system, he might 
favor eliminating it completely. He also 
intends to explore further the decision 
to delay production and hold the Nike 
Zeus anti-ICBM missile to a develop- 
ment program, although he was "in- 
clined to go along with Mr. McNamara.” 
Budget Details 

McNamara's statement to the com- 
mittee gave detailed reasoning beyond 
the broad outlines of President Ken- 
nedy's budget message (AW Apr. 3, 
p. 26) for program curtailments, can- 
cellations and accelerations: 

• Nike Zeus anti-ICBM missile sys- 
tem. When the development phase of 
this controversial svstem is completed, 
about SI. 7 3 billion will have been 
spent, including S863 million through 
Fiscal 1961 and another S276 million 
programed for Fiscal 1962. 

Explaining his decision to deny 
funds for pre-production work on cer- 
tain components, McNamara said: 
“There still is considerable uncertainty 
as to its technical feasibility and, even 
if successfully developed, there arc 
many serious operating problems yet to 
be solved. The system, itself, is vulner- 
able to ballistic missile attack and its 
effectiveness could be degraded by the 
use of more sophisticated iCBMs 
screened by multiple decoys. Satura- 
tion of the target is another possibility, 
as ICBMs become easier and cheaper 
to produce in coming years. Finally, it 
is a very expensive svstem in relation 
to the degree of protection that it can 
furnish." 

• Nuclear-powered aircraft. Discussing 
cancellation of military participation in 


the Aircraft Nuclear Propulsion (ANP) 
program, he said: “lire direct air cycle 
system ... is extremely cumbersome 
and requires an excessive amount of 
heavy shielding against radiation haz- 
ards. In operation, the svstem would 
expel some small fraction of radioac- 
tive fission products into the atmos- 
phere. creating an important public re- 
lations problem if not an actual physical 

"The indirect cycle system, although 
requiring less shielding, is an extremely 
complex engineering task. With over 
1 5 mi. of fine tubing carrying liquid 
metal at very high temperatures and 
thousands of welded joints involved, 
the possibility of a leak constitutes a 
severe hazard. This design, therefore, 
does not appear to be serv practical 
for a combat aircraft, 

“The ANP project has suffered from 
chronic over-optimism ... the aircraft 
involved would have had little or no 
military value. It would almost in- 
evitably have been subsonic and limited 
to an altitude of 35.000 ft." 

He added that since there is little 
prestige value in a project which holds 
little promise of breakthroughs, and 
since there is no clear-cut military re- 
quirement. the decision was made to 
discontinue the project, which would 
have cost another SI billion for com- 
pletion of development. 

• North American B-70 Mach 3 
bomber. McNamara explained that 
building a complete weapon system in- 
volving subsystems for bombing, navi- 
gation, environmental control, auto- 
matic flight control, air traffic control 
and defense coupled with the need for 
a quick ground reaction time would 
result in an extremely complex and 
costly aircraft. 

It was decided, he said, to explore, 
from a purclv technical point of view, 
the problems in flying a large aircraft 
at great speed and altitudes. If it proved 
feasible, then the development of a 
complete weapon system would be 
ordered. 

• Dyna-Soar suborbital boost-glide 
manned aircraft system. Request in the 
Eisenhower Administration Fiscal 1962 
budget was for S70 million. The new 
request for an additional S30 million 
makes it the SI 00 million program the 
Air Force originallv wanted in Fiscal 
1962. 


• Discoverer scries of recoverable satel- 
lites. An additional request for S16 
million has been made, making a total 
of S36 million for Fiscal 1962. 

Revisions in the defense budget sub- 
mitted by former President Eisenhower 
have resulted in a new obligational au- 
thority request of S43.794.345.000. 

Economic effects of the cuts arc 
varied. Ccneral Electric Co., which 
was working on the X-211 direct cycle 
approach to aircraft nuclear power, has 
notified 1.100 employes at the Large 
Jet Engine Department. Evendale, 
Ohio, that they will be laid off May 1 . 

Altogether. 2,900 employes work in 
the General Electric Aircraft Nuclear 
Propulsion Department. 2.400 of them 
at Evendale and 500 at the National 
Reactor Test Station at Idaho Falls, 
Idaho. The number of these to be re- 
tained will depend on what the Atomic 
Energy Commission decides to do in 
continuing the work on a materials re- 
search basis. 

Pratt &• Whitney, which was working 
on the indirect cycle engine at the Air 
Force-owned Connecticut Aircraft Nu- 
clear Engine Laboratory (Canel) at 
Middletown, has 735 persons employed 
on the project there. Another 40 at 
the Florida Research and Development 
Center at West Palm Beach also are 

Contract Terminations 

Contract tenninations were an- 
nounced by the Air Force for the two 
companies dev eloping the engines. Con- 
vair-Fort Worth for the development 
of a flight test aircraft and Lockheed 
Aircraft Corp. Nuclear Laboratory at 
Dawsonvillc. Ga„ which was doing 
radiation and hazard studies. The AF.C 
also announced contract terminations 
with the engine developers. 

North American Aviation, prime con- 
tractor for the B-70. expects little 
change in employment itself, but four 
subcontractors will have their workload 
reduced, and five will have their con- 
tracts terminated. 

Those reduced will be: 

• International Business Machines 
Corp., Ovvego, N.Y., which is dev elop- 
ing the bomb navigation and missile 
guidance system. 

• Hamilton Standard Division of United 
Aircraft Corp., Windsor Locks. Conn., 
which is developing the environmental 
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control and air induction systems. 

• General Electric, Evendale, which 
is an associate contractor for the de- 
velopment of the propulsion system. 

• Snndstrand Aviation, Rockford. 111., 
which is developing the secondary 
electrical power system. 

Contracts to be terminated are: 

• Convair-Fort Worth, fabrication of 
the YB-70 wing boxes. 

• Lockheed Aircraft Corp., Marietta. 
Ga., development of the upper forward 
intermediate YB-70 fuselage section. 

• Beech Aircraft. Wichita. Kan., de- 
velopment of alert pod and associated 

equipment. 

• Westinghouse Electric, Baltimore, 
development of defensive systems. 

• Motorola, Phoenix. Ariz.. develop- 
ment of mission and traffic control 
(communications) subsystem. 

Related Action 

In a related defense action, McNa- 
mara announced the reduction or 
discontinuance of operations at 73 de- 
fense installations. 51 of which are in 
the continental U.S. He said that the 
action was the first resulting from a 
continuing review of the 6.700 mili- 
tary installations, 4.470 of which arc in 
this country and 2,230 of which are 
abroad. 

Major air installations affected are: 

• Harlingen AFB, Tex. Training at 
this base will Ire shifted to Connallv 
AFB at Waco, Tex. Approximately 
2.300 military personnel and 800 civil- 
ians are involved. It will be closed by 
June. 1962. 

• Presque Isle AFB, Me. Because of 
the cancellation of Snark missile oper- 
ations. it will be closed by early 1962. 
About 1,200 militarv personnel and 250 
civilians arc affected. 

• Luughlin AFB, Tex. Reconnaissance 
mission will be moved elsewhere in 

1962. affecting 2.400 military personnel 
and 270 civilians. 

• Dallas Naval Air Station. USAF re- 
serve training will move to Carswell 
AFB. Fort Worth, no later than March. 

1963. Current Air Force facilities will 
revert to the Navy. 

• Kirtland AFB. Albuquerque. N. M. 
Air Force will negotiate with the citv 
for return to full title and control, with 
the Air Force remaining as a tenant. 

Several Air Force-owned plants have 
been declared surplus and will be 
turned over to the General Services 
Administration for disposal. The plants 
and companies involved are: Plant No. 
10. Hawthorne, Calif.. Northrop Corp.: 
Plant No. 30. Indianapolis. Ind., Gen- 
eral Motors; Plant No. 69, Pittsfield. 
Mass., General Electric: Plant No. 29, 
West Lynn, Mass.. General Electric: 
Plant No. 38. Modeltown, N. Y„ Bell 
Aerospace Corp.-. Plant No. 68. Model- 
town, N. Y.. Olin Mathieson: and Plant 
No. 32, Williamsport. Pa., Avco Corp. 


USAF to Ask Bids On 
Norad Control System 

Air Force request for industry pro- 
posals on a command and control 
svstem for the North American Air 
Defense Command's underground com- 
bat center (COC). to be built in Chey- 
enne Mountain near Colorado Springs. 
Colo., is expected to be released within 
10 days. 

Bidders briefing conference for the 
avionics system (425-L) will be held at 
Norad Headquarters. Ent AFB. in 
Colorado Springs May 1. 

Bids for excavation of the under- 
ground COC are due bv Apr. 25, and 
work is scheduled to begin by June 1. 
Hie underground COC. slated to be- 
come operational within four years, is 
expected to be able to withstand all but 
a direct hit from a thermonuclear vvar- 

Thc new underground Norad facility 
is to be constructed at the 7,000-ft. 


level on the mountain and will serve as 
a central command and control facility 
for air and aerospace defense. The 
combat operations center, containing 
situation displays, communications and 
computer equipment, will be manned 
by approximately 350 persons on each 
of three 8-hr. shifts. Up to 700 per- 
sons can be accommodated during spe- 
cial alert periods. 

Access to the new COC will be via 
two tunnels, providing for both pedes- 
trian and vehicular traffic. The COC 
will be housed in a three-story steel 
structure within a series of intersecting 
chambers to be constructed inside the 
granite mountain. Total floor space 
will be 200,000 sq. ft. 

Excavation is estimated to require 
12 to IS months, with another 18 
months allocated for construction of 
the buildings. Installation and test of 
the command and control system (425- 
L) is expected to require another 12 
months. Army Corps of Engineers will 
direct the construction program. 



Tiros II Photographs Canadian Terrain 


Photo taken by narrow-angle camera on Tiros II experimental weather satellite during 
a clear, cloudless January day shows good ground detail of the eastern part of Ontario. 
Canada. Town of Cochrane is the white blur within grid at left. National Aeronautics 
and Space Administration said the grid is not Cochrane's street plan, but a combination 
of main roads, cleared forest areas and fire breaks. Two small lakes arc visible in the 
lower right, and the wavy line running northeast from the grid is apparently the Abitibi 
River. Because of timer malfunction. NASA suspended programed remote operation of the 
wide-angle camera last January. Remote programing of the narrow-angle unit was tempo- 
rarily interrupted then, but it has been operating continuously since. Both cameras are 
relaying photos directly on command from ground stations. 


AVIATION WEEK, April 10, 1961 



Bell YllU-lB. r 


First Flight Photo of New Bell YHU-1B 

version of HU-1 A Iroquois helicopter, is seen undergoing flight tests near H 
lodel. now undergoing phaseout, is a taller main rotor mast providing a 


Reconnaissance Roles Assigned 


satellite 


and the Army has been give 




isibilih 


i the c 


iblish- 


it Of a single geo- 
detic and mapping program. 

Under a Department of Defense di- 
rective (5160.54) issued Mar. 28. each 
service will continue to make its own 
maps and charts from the refined data 
provided by the Army. Thus the de- 
cision is a partial exception to the 
trend of the Kennedy Administration 
toward single manager’s for defense pro- 
grams. The directive was signed by 
Deputy Secretary of Defense Roswell 
Cilpatric. 

Air Force will be responsible for all 
research, development and operation of 
satellite reconnaissance systems. This 
includes payload design, launch, guid- 


antrol and r 


the 


o will perform r 
and development of all instrumentation 
and equipment for processing reconnais- 
sance data obtained from satellites. 

All geodetic data and maps required 
by Department of Defense activities 
will be provided by the Army. It will 
set up and maintain a master geodetic 
control system covering the world and 
maintain a geodetic library. 

Data collection, regardless of who 
does which part of it. will be aimed at 
covering the needs of all the services, 
and will be performed under broad pri- 


orities assigned by the Joint Chiefs of 
Staff. Army will conduct a research pro- 
gram on basic geodetic methods. 

Whenever satellites are intended for 
geodetic or mapping purposes it will be 
the responsibility of the Army to set 
the specifications for the payloads and 
the operational parameters, but the Air 
Force will do the research and develop- 
ment for these payloads. 

After launching, and recovery the raw 
data collected by the Air Force will be 
given to the Army for processing and 
reduction. It was in this area that a 
disagreement occurred with the JCS 
when the proposed directive was being 
discussed. Air Force did not concur, 
arguing that data processing should be 
left with the individual services. 

For mapping and geodetic systems 
other than satellite, the Air Force will 
perform the research, development and 
operation when manned high perform- 
ance aircraft arc required. Exception 
was granted to the Navy for aircraft 
operations peculiar to the hydrographic 
needs of that service. 

For ground based systems, including 
instrumented probes and non-geodetic 
satellite systems, the Army will be re- 
sponsible for research, development, op- 
eration and data processing and reduc- 
tion. 

Similar responsibilities are assigned 
the Navy in the area of oceanography 
and geophysical equipment, and oper- 
ations ashore that are necessary to pro- 


vide navigation aids at sea. Information 
will be made available to the Army un- 
der its over-all mapping program. 

'live Armv continues to operate Army 
Map Service, the Navy the Hydro- 
graphic Office and the Air Force the 
Aeronautical Chart Service. 


S-60 Test Helicopter 
Destroyed in Crash 

Stratford. Conn.-Sikorskv S-60 Sky- 
crane. fitted with a highly sensitive con- 
trol system modified for future National 
Aeronautics and Space Administration 
VTOL research projects, was destroyed 
in a crash here last week shortly after 
takeoff. 

The pilots-John F. Porth and Edgar 
J. Mullins-escaped with minor bruises. 
The aircraft was being readied for flight 
to NASA facilities at Langley Field. 
Va„ for the start of the two-month re- 
search program. 

The modified control system was in 
the "over-sensitized" condition at the 
time of the crash, giving control re- 
sponses of twice the normal magnitude. 
Pilots experienced control difficulties 
immediately after takeoff: the S-6fl 
landed hard from a low altitude, broke 
its right landing gear and rolled over. 
Fire broke out but was extinguished 
shortly by a Sikorsky crash crew. 

NASA had selected the S-60 for the 
VTOL research program because its 
capacity for earning external loads in- 
cluded placement in both horizontal 
and vertical planes. 
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Design Problems, Costs Dampen 
Supersonic Transport Optimism 


By David A. Anderton 

New York— Problems of design, con- 
struction and operation of a supersonic 
transport intended to be commercially 
attractive are now beginning to darken 
the first rosy glow of optimism that sur- 
rounded its conceptual thinking. 

Full day's presentation of six tech- 
nical reports at the Society of Automo- 
tive Engineers' National Aeronautic 
Meeting here and intense discussion led 
by John Stack, assistant director of Na- 
tional Aeronautics and Space Adminis- 
tration's Langley Research Center, went 
deeper into the subject than many 
earlier efforts made by professional so- 
cieties, and came up with little encour- 
agement and lots of problems. 

Seen from a distance, the idea of a 
Mach 3 transport carrying upwards of 
125 passengers over 3,500-naut. mi. 
cruise ranges seems very attractive. Its 
potential productiveness is the biggest 
argument in its favor. But when that 
argument is modified by the detailed 
problems of materials, powerplants, op- 
erations, aerodynamics, piloting tech- 
niques and the many other facets of a 
sophisticated design, even the most 
ardent proponents take second looks at 

• Engine cost may be three to four and 
one-half times tlie cost of today's jet 
powerplants for subsonic cruise, said 
W. H. Sens and T. C. Slaiby, of Pratt 
fir Whitney Aircraft division’. Program 
development cost could be two to four 
times that of a subsonic-cruise turbojet. 

• There is no long-life material data for 
the design of a structure intended to 
have a useful life of 30,000 to 50,000 
hr., said W. F. Brown, Jr., G. B. Espey 
and M. H. Jones, of NASA's Lewis Re- 
search Center. There is no data on 
stability of properties over even a 10.- 
000-hr. span. Brown added, and new— 
and generally deleterious— effects on 
structural strength are being found in 
every extension of current data by tests 
simulating long-time flight at super- 
sonic cruise speeds. 

• It is premature to pick the cruise 
speed or the type of powerplant. agreed 
engineers from General Electric Co.’s 
Flight Propulsion Division and Pratt &■ 
Whitney. No current engine is suit- 
able, they said. 

• Military' airframes and powerplants, 
while advancing the state of the art, 
can't be applied directly to the problem, 
stated NASA's Mark R. Nichols of 
Langley Research Center. But at least 
they point the way to reaching high 
efficiency during supersonic cruise. 

But Nichols, whose presentation was 
a composite view of the NASA group 


working on the problem, did hold out 
some hope. The combination of a 
variable-geometry wing and a hybrid 
powerplant of the turbofan-ramjet type 
make possible major advances in mis- 
sion flexibility and efficiency, he said. 

NASA's variable-sweep wing studies 
have been pointed toward the optimum 
combination of high- and low-speed 
flight regime characteristics. The 

pivoted wing panels swing forward to 
an aspect ratio of eight or so for the 
low-speed takeoff and landing approach 
phases of the flight, and tuck back to- 
ward the tail to a short-span configura- 
tion with an aspect ratio around two 
for the supersonic cruise phase of flight. 

Initial testing of typical variable- 
geometry configurations show gains over 
fixed-geometry layouts which were 
characteristic of earlier proposals for 
supersonic aircraft, but Nichols pointed 
out these studies have not vet pro- 
gressed to the point where cruise per- 
formance and weight penalties can be 
assessed. 

Four engine configurations were sug- 
gested by the NASA scientist: turbo- 
fan of low bypass ratio and with duct 
burning, a turbofan-jet. which is a 
turbofan engine surrounded by a ram- 
jet for supersonic cruise; a lightweight 
turbojet with afterburner; and a turbo- 
ramjet, a combination powerplant using 
a ramjet shell around a turbojet. 

Nichols suggested that the straight 
turbofan seems to be best up to 
Mach 2.5 cruise speeds, and that above 
that, the turbofan-jet appears to be 
best by a wide margin. But extensive 
analysis is needed, lie pointed out, in 
words that had been said in many ways 
by most of the speakers during the day. 

Assuming four turbofan-jets and the 
variable-sweep wing, NASA calcula- 
tions for the Mach 3 cruise transport 
show that a 30,000-lb. payload aircraft 
could be built for about 350,000 lb. 
takeoff weight. It would have a takeoff 
speed of 1 50 kt., accelerate through 
sonic speed at 45,000 ft. to minimize 
sonic boom effects, and carry fuel re- 
serves of 17,000 lb. This transport 
would fly the 3,500-naut.-mi. mission 
from present-day airports. 

Other detailed problems: 

• Restarting the inlet-engine combina- 
tion following flameout or surge with- 
out needing to decelerate and then re- 
accelerate tire airplane. 

• Maintaining off-design flight efficien- 
cies high enough to fly to original 
destination at subsonic speeds and 
lower altitudes in the event of trouble. 

• Intensity of the sonic boom at the 
lower cruise altitude of a Mach 2 air- 
plane might be the best valid reason 


for going to a Mach 3 cruise speed. In 
either case, the airplane is in serious 
trouble during altitude acceleration, 
having to fly at 42,000 ft. at Mach 1.2 
and climb to 50,000 at Mach 1 .4. 

• Surface finish of the quarter-acre of 
skin on the airplane must be held so 
that roughness does not exceed 0.008 
in. (three times the thickness of this 
paper) to avoid drag penalties. 

• If the necessary artificial damping sys- 
tem fails, the airplane must be flyable 
by other means. This is extremely diffi- 
cult with the changes in inertia distri- 
bution dictated by drag considerations. 

NASA’s VV. F. Brown, Jr., suggested 
that the rational approach to the ma- 
terials problem now was to try to 
narrow down the field of available 
metals to what he called “candidate” 
alloys. The major reason, he said, is 
that there is such an enormity of un- 
known characteristics of all the alloys 
available to a designer that there simply 
is not time enough to do optimizing 
studies across the board. Instead, he 
advocated selecting a few based on their 
properties established by certain key 
tests, and then developing the complete 
body of test data only for those candi- 
date alloys. 

This means the closest cooperation 
between the materials engineer and the 
designer early in the game. Brown 
emphasized, and this can't be done 
with any kind of a crash program; it’s 
a long-term venture. 

W. H. Sens, who presented the Pratt 
& Whitney report, said that he pre- 
ferred the turbofan with duct burning 
as a supersonic powerplant, based on the 
company's experience with its after- 
burning powerplants plus running its 
forward-fan engine with duct burning. 

One difficulty Sens pointed out was 
that of testing engines for the super- 
sonic cruise case. Subsonic-cruise 
powerplants experience their most 
rigorous regime on the ground at take- 
off, he said, and that's easy to simulate 
on the test stand. But the attainment 
of test conditions corresponding to 
supersonic flight at high altitude is an- 
other matter involving extensive facili- 
ties. This is one major reason for the 
increased cost of an engine develop- 
ment program. 

The engine itself would cost more 
by several multiples primarily because 
of the increased cost of the materials 
involved. Sens said every part in the 
engine would be working at tempera- 
tures on the order of 500F higher than 
in the subsonic cruise case. Fuel and 
oil costs would increase in order to 
guarantee stability of properties at 
these elevated temperatures, and a few 
cents per gallon more for fuel would 
increase the direct operating cost 
noticeably (50%, said another speaker). 

Oil for a Mach 3 engine now costs 
$100 per gallon. Sens said. 
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Sonic Boom Phenomena Affect 
Design of Supersonic Transports 


New York— Major unknown factor in 
commercial supersonic transport opera- 
tions may be the extent to which sonic 
boom phenomena will control design, 
according to engineers of Pan American 
World Airways. J. G. Borger, chief 
project engineer, in collaboration with 
L. H. Allen. Jr., N. D. Foiling and 
W. F. Hibbs, raised the question of 
whether the supersonic transport will 
be able to fly anywhere in the world 
or will be confined by the boom prob- 
lem to overwater operation. 

Many design decisions, the Pan Am 
engineers said, depend on the altitude 
at which transition is made from sub- 
sonic to supersonic flight. This altitude 
in turn may depend on the sonic boom 
limitations. The assumption is made 
that the aircraft will not have to fly 
subsonically over land except in climb 
or descent— but if this thinking proves 
optimistic, the assumption will have to 
be changed. More research is needed in 
this area. 

Two other “great unknowns," the 
Pan Am engineers told SAE members 
meeting here (see p. 31), are configura- 
tion and powerplant. Configuration al- 
ternatives seem to be a delta wing with 
canard type longitudinal control, or 
variable geometry wing. Powerplant 
trend seems to be toward a “rather com- 
plex” turbofan with duct burning. 
Probable Requirements 

As an indication of what the airlines 
will want if and when they buy the 
supersonic jet, the Pan Am engineers 
listed some probable requirements: 

• Size can not be specified this early, 
but in all probability the supersonic 
plane won't be smaller than present jets. 
The aircraft should be sized for com- 
petition, i.c.. contain enough seats. 
Later stretch possibilities should be de- 
signed into the early versions. 


• High frequency potential will be 
necessary for economic reasons. 

• Mach 3 speed is the present thinking. 
It’s better to have an airplane capable 
of this speed regime even if it is 
operated slower at the start, than to buy 
one forever limited to Mach 2. 

• Passenger comfort should not be sacri- 
ficed to speed. 

• Range should be competitive with 
subsonic transports, whose range ap- 
proaches 5,000 mi.: therefore, the super- 
sonic plane should have a range of 
4,500-5,000 mi. It might be possible 
to manage with 3,500 mi. if enough 
growth potential was built into the 
design. 

• Ojrcrationallv, the transport should 
be able to step climb: to operate with 
high temperatures cn route and at air- 
ports; should possess superior flying 
characteristics with no "idiosvncracies” 
which could surprise the pilot; flying 
characteristics should be along fairly 
familiar lines since no airline can afford 
to develop a "special team like the 
astronauts” for its supersonic trans- 
port; should really fit into present air- 
ports — with certificated takeoff on a 
10,000-ft. runway at sea level on 90F 
day, and land in 7,500 ft.; should be 
of a design directed toward all-weather 
capability. 

Other qualities the airlines would 
like in a supersonic transport, as indi- 
cated by the Pan Am study, include six 
abreast seating cabin width, 130-kt. 
landing speed, interior arrangement 
flexibility, about 30,000-hr. life ex- 
pectancy. a competitive life of 10 yr. 

The Pan Am engineering team simu- 
lated Mach 2 transport operations over 
much of the airline's route structure, 
using an IBM 705 computer. Boeing 
study aircraft of 400,000 lb. gross take- 
off weight was the model. They con- 
cluded that, in this case, economics of 


the supersonic transport do not yet 
match those of the subsonic jet. 

Among the comparisons derived from 
this study was Mach 2 economics ex- 
pressed as a percentage of subsonic eco- 
nomics. Results showed number of 
aircraft, 48%: total investment, 129%: 
fuel cost, 152%; total direct cost. 
111%: indirect cost, 92%; operating 
expenses, 100%; passenger revenue at 
60% load factor, 99%; cargo revenue 
at 40% load factor, 47%; total revenue, 
92%; operating profit, 3S%; interest 
charge on investment, 129%; net op- 
erating profit. 29%: annual return on 
total investment, 22%. 

Added Aspect 

In another aspect of the studv, it 
was found that an operating time limi- 
tation. for noise or other reasons, could 
cut the Mach 2 plane's production by 
about half in a New York-London 
service. This would raise direct costs 
about 30%, double the required in- 
vestment in equipment, and necessitate 
a fare increase of some 10%-not allow- 
ing for interest on the additional in- 
vestment. These figures assume the 
supersonic service would be limited at 
Idlewild and London to the hours bc- 

According to the Pan Am engineers, 
a real advance in ground handling 
times and techniques will be a major 
adjunct of successful supersonic trans- 
port operation. 

Performance Problems 

Designers of the supersonic transport 
were asked in another SAE presentation 
to solve performance problems without 
prejudice to the handling qualities of 
the aircraft throughout the flight regime. 

Fully automatic flight control for a 
whole flight is many years away and 
not really necessary, according to W. 
W. Moss. Pan American; J. R. Gannett, 
Boeing Airplane Co.; and P. II. Patten, 
Douglas Aircraft Co. Terminal area 
operations of the supersonic aircraft will 
be essentially the same as today, and 
human control should be perfectly 
feasible. Present stability and control 
criteria appear to be valid as far as 
they go, except in certain areas. Any 
electronic or other means of augmenting 
stability should possess a level of rc- 
liabilitv comparable to that of the basic 
control svstem. 

Passenger density, according to Paul 
Shipps and James Frick of Convair. 
is a design factor which perhaps should 
be more carefully considered in super- 
sonic transport development. Big sav- 
ings in direct operating costs can be 
gained by increasing passenger compart- 
ment density. One cubic foot of pas- 
senger compartment volume is equiva- 
lent in cost to 13.5 lb. of payload or 
1 0.7 lb. of airframe weight. 
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NASA Pushes 

By Edward H. Kolcum 

Washington— Drive to exploit current 
international potentials of space has 
begun as part of the Kennedy Admin- 
istration's effort to rebuild U. S. pres- 
tige by non-military means. 

The emphasis involves no specific 
money increases to support foreign sci- 
entific projects, but rather consists of 
more direct top level contacts and much 
earlier notification to foreign scientists 
of U. S. space plans. 

Objective is to bring as many coun- 
tries as possible into U. S. space plans 
now, so that the practical applications 
in weather, communications and navi- 
gation satellites will be global in spon- 
sorship and will help strengthen the 
peaceful U. S. image abroad through 
demonstrated scientific superiority. 

Recent agreement calling for British 
and French participation in National 
Aeronautics and Space Administration's 
communications satellite research and 
development program is a sign of the 
expansion of joint space programs be- 
yond the scientific area and into the 
realm of practical application. 

James E. Wehb, NASA administra- 
tor and a four-vear diplomatic veteran 
as under secretarv of state, told Avia- 
tion Week that' the international pro- 
gram is one of his major missions in the 

It was no secret that President Ei- 
senhower reluctantly backed the U. S. 
space program, and that he felt the 
prestige value of space accomplishments 
was vastly over-rated. The Eisenhower 
Administration essentially felt that Rus- 
sia had reaped the fruits of any prestige 
available in space. 

Subtle Policy Change 

Although some observers argue that 
the space budget would have to be 
tripled over its current billion dollars 
to surpass the Soviets quickly, Webb 
said the subtle change in White House 
thinking is a recognition and under- 
standing by both President Kennedy 
and Vice President Lyndon Johnson of 
the prestige value of space. 

The Kennedy Administration. Webb 
said, believes what the U. S. is doing in 
space will yield more solid benefits 
than the Soviet program. The NASA 
administrator's big job is to sell this 
idea as one way to reduce what has 
been complete U. S. reliance on mili- 
tary forces for international stature. 

Webb views the NASA mission as 
having three basic parts: 

• Retain technological superiority by 
accumulating more basic knowledge 
through scientific experiments. 

• Apply this knowledge in civilian uses 


International 

such as weather and communications 
satellites. 

• Demonstrate to the world that the 
U. S. leads in scientific knowledge by- 
mutual participation in practical ex- 
periments. 

This philosophy "docs not depend 
on the acquiescence" of another coun- 
try, Webb said, in an obvious reference 
to difficulties in maintaining foreign 
bases. The U. S. plans to conduct the 
experiments, and has opened the door 
for participation by others. 

Key to the way this is being done is 
the shuffling of responsibilities in the 
NASA top staff. Dr. Hugh L. Dryden, 
deputy administrator, has been relieved 
of much of his day-to-day management 
responsibility to spend more time in 
direct dealings with foreign scientists. 
General management of the agency’s 
technical programs has been shifted to 
the associate administrator, Dr. Robert 
C. Seamans. Jr. 

Webb's Role 

W ebb himself will deal directly with 
the State Department to get bilateral 
and multilateral programs under way. 
Webb intends to rely on Dr. Dryden 
and Dr. Seamans for scientific judg- 
ments. One of the most frequent criti- 
cisms of NASA during the previous 
Administration was that engineering 
and scientific decisions were made from 
a political viewpoint by officials who 
did not understand the technical prob- 
lems. 

Webb points to his State Depart- 
ment and general background (AW' 
Feb. 6, p. 29) to prove his knowledge 
of forces which influence world opin- 
ion, and he said NASA will not sup- 
port empty' gestures or stunts in co- 
operative programs. There will be no 

f eneral dollar exchange, but U.S. will 
elp finance projects which it considers 
necessary for a complete space program 
—project’s which would have been con- 
ducted anyway without foreign partici- 

Thc United Nations Space Confer- 
ence, the first official space venture un- 


Nerva Bids Submitted 

Washington— Bids for the National 

were submitted last week by Aerojet- 
General. American Metal ' Products 
Corp., General Electric, Pratt & Whit- 
ney, Rocketdyne, Thiokol and Westing- 
house. Contract award is expected to be 
made early in Mav. Nerva is the flight 
engine that will be developed under 
Project Rover. 


Prestige Goal 

der sponsorship of many nations, con- 
tinues to have its political problems 
in getting under way. But the U.S., 
through NASA, has firm cooperative 
projects -with eight nations, some with 
payloads already being built. 

The U. N. conference is being sty- 
mied by an inability to schedule a com- 
mittee meeting in which the time, place 
and conference agenda would be estab- 
lished. Present makeup of the U.N. 
committee is 12 western nations, seven 
countries in the Soviet bloc and fisc 
nations considered neutral. Russia has 
insisted on equal East-West represen- 
tation, which means the western par- 
ticipants would have to be reduced to 

Change in Emphasis 

Most of the existing U.S.-foreign 
agreements in space were initiated un- 
der the Eisenhower Administration, but 
Webb feels the distinction will lie in 
the emphasis and pace with which the 
projects move. Policy decisions will be 
made quickly by senior Administration 
executives-bv telephone, bypassing the 
bureaucratic layers of interdepartmental 
committees and acting without having 
to wait for a White House decision. 

This is possible, Webb said, because 
of President Kennedy’s insistence that 
the executive agencies conduct their 
own programs and make their own de- 
cisions. Abolishment of the Operations 
Coordinating Board, he said, is an in- 
dication of the President’s philosophy. 

Webb foresees expansion of the num- 
ber of projects in the international space 
field, and he said several bilateral dis- 
cussions have been started recently. 

Most significant action since the Ken- 
nedy Administration took office was an 
agreement with Britain and France to 
build ground stations for NASA’s active 
and passive communications satellites. 
The agreement was a tacit indication 
that the U. S. commercial communica- 
tions satellite program will include 
financial support by the British General 
Post Office and the French Center for 
Telecommunications, both government 

Additional nations have been invited 
to take part in the communications 
satellite development program, which 
is aimed at finding the best commercial 
system. Ultimate system will be selected 
after demonstration flights by the ac- 
tive Relay system, to be launched next 
year: multiple-sphere passive Rebound 
system, to be launched in 1963. or the 
svnehrbnouslv-orbiting Advent satellite, 
being developed by the Army. 

Late last month, NASA signed a 
joint agreement with the French Com- 
mittee for Space Research calling for 
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joint sounding rocket and satellite 
launches, information exchange and ex- 
change of scientific personnel (AW 
Apr. 3, p. 33). 

In another recent cooperative move, 
the U. S. and Italy have agreed to 
launch sodium flares simultaneously 
from Wallops Island. Va., and Sardinia 
to study variations in location of wind 
shear and direction. The experiments 
will start late this month or in May. 

Agreement similar to that signed by 
U. S. and France is expected soon be- 
tween U.S. and Japan, which recently 
sent a task group to this country to dis- 
cuss sounding rocket and satellite ex- 
periments. 


Washington— Federal Communica- 

tions Commission has launched an in- 
quiry into new administrative and 
regulatory questions raised by the 
prospect of commercial operations with 
communication satellites. 

The move reflects growing uncer- 
tainty in some government circles over 
the chosen-carrier implications of space 
communication systems. Because of 
the heavy initial investment required, 
radio spectrum limitations and the de- 
mand for such facilities anticipated in 
the near future, many observers believe 

cial systems could be justified in the 
foreseeable future. The FCC inquiry 
is based on this premise. 

The commission has asked industry, 
including the communication common 
carriers, to detail their views on how 
commercial space communication sys- 
tems should be owned and operated, 
within the framework of existing laws 
and policies, or how such laws would 
have to be modified to accommodate 
their proposed plan. 

Companies, which are to submit 
their views by May 1, also are asked 
to state whether they intend to partici- 
pate in the proposed plan and the ex- 
tent of their participation. 

American Telephone & Telegraph 
Co. has indicated publicly its intention 
to proceed with development and im- 
plementation of a commercial space 
communication system, using private 
capital, providing it obtains govern- 
ment authorization. The decision of 
others may depend upon which com- 
pany is selected by the National Aero- 
nautics and Space Administration to 
develop its Project Relay communica- 
tion satellite, since this would give the 
contractor a lead over competition. 

The prospect of a single commercial 
space communication system, at least 
initially, FCC said, raises the question 


Norway, constructing a sounding 
rocket launch site in the Lofoten Is- 
lands, has held discussions which could 
lead to use of U.S. rockets containing 
Norwegian ionospheric instruments in 
a series of launches beginning this fall. 

Sweden and Argentina also have dis- 
cussed general sounding rocket programs 
with NASA, and a technical group from 
Argentina recently visited Wallops Is- 
land to observe the NASA sounding 
rocket installations. 

Firm commitments were made early 
last year with Britain and Canada for 
the U.S. to provide launch facilities 
and vehicles for satellite instruments 
being built in those countries. 


of maintaining the U.S. policy of 
fostering beneficial competition among 
privately owned and operated interna- 
tional communication common carriers 
and of operating within the framework 
of existing anti-trust laws. 

The purpose of the new inquiry, the 
commission said, is to determine vari- 
ous methods by which all interested in- 
ternational communication common 
carriers and others can participate "on 
an equitable, non-discriminatorv and 
lawful basis.” 

In a statement volunteered by 
AT&T shortly before the recent FCC 
action, the company said it did not 
wish to exclude other international 
carriers either from establishing such 
systems or from sharing the use of the 
system proposed by AT&T. "We seek 
only the opportunity to employ private 
initiative, management and capital in 
the public interest and under public 
regulation in a manner wholly consist- 
ent uath traditional public policy with 
respect to international communica- 

Thc Bell System said its proposed 
space communication system facilities 
would be made available to all inter- 
national communication carriers serv- 
ing the U. S. for any services they now 
are, or may in the future, be authorized 
to provide by the FCC. Participation 
by other companies would be made 
available on an equitable basis cither 
by ownership participation through 
prorate sharing of the capital invest- 
ment and operating expenses or by 
lease arrangement. AT&T now leases 
some circuits on its transatlantic tele- 
phone cable for use by international 
telegraph companies. 

Some observers see this latest AT&T 
offer as a concession to the idea of a 
system owned and operated by a com- 
bine of companies, as a means of avoid- 
ing the charge of a private monopoly 


in space. The offer also may have been 
sparked by the recent proposal of Lock- 
heed to form a "common-carrier car- 
rier” combine for a space communica- 
tion system (AW Mar. 20, p. 28.). 

The FCC is now seeking the views 
of other common carriers and inter- 
ested companies, asking for their sug- 
gestions for the best plan of partici- 
pation to operate a space communica- 
tion system within the framework of 
existing policies and laws. The com- 
mission raises the question whether 
such a plan should include participa- 
tion by manufacturers of satellite com- 
munication and launching equipment. 
Industry is asked to specify in detail 
the financial and operational arrange- 
ments of the plan they propose. 

The burden is placed on industry to 
specify how proposals would comply 
with existing provisions of the Com- 
munications Act of 1934 and applic- 
able anti-trust statutes. Where a pro- 
posed plan does not comply, the com- 
pany is asked to recommend specific 
changes that would be required in 
these laws to permit adoption of the 
plan proposed. 

FCC also asks for a statement of the 
extent to which each of the several 
parties to the plan would be subject to 
regulation by the commission as com- 
mon carriers or otherwise. 



FCC Begins Exploratory Probe 
Of Communication Satellite Issues 
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serves Defense at Westinghouse 


WESTINGHOUSE IMAGING SYSTEM ENABLES PILOTS 
TO SEE HOSTILE GROUND TARGETS ON DARK NIGHTS 



Installed in combat aircraft or missiles, the new Westinghouse low-light level 
imaging system clearly pictures tactical targets normally obscured on cloudy, 
moonless nights. The system is equally effective for target-viewing systems in 
tanks or submarines. 


Military pilots can see moving 
ground targets and terrain fea- 
tures at night, instantly, with 
a new low-light level electronic 
imaging system being develop- 
ed at Westinghouse. 

The new system will see hun- 
dreds of times better than the 
human eye under darkest night 
conditions. It is simple, com- 
pact, and rugged, utilizing ad- 
vanced versions of the small 
Astracon light amplifying tube, 
a product of Westinghouse re- 
search. Systems using this tube 
will automatically track-while- 
scan, and simultaneously pre- 
sent a full field of view. 
Westinghouse, at its Air Arm 
Division in Baltimore, is also 
applying results of its years of 
research in electronic imaging 
sensors to infrared and ultra- 
violet systems, planned for 
space programs. 

The new imaging systems, 
coupled with traditional Air 
Arm capabilities in fire control, 
reconnaissance, surveillance, 
and missile guidance, offer 
potent new levels of military 
strength for the free world . . . 
They are another demonstra- 
tion of how science is serving 
Defense at 



Westinghouse 



How science serves Defense at Westinghouse . . . Imaging Systems 





Infrared, Ultraviolet 
imaging systems 
being developed for 
new space missions 


Advanced imaging systems 
utilizing infrared and ultra- 
violet spectra are being devel- 



Westinghouse 


Determining the Proper 
Depth of Case in Alloy Steels 


ALLOY STEELS . . . 


« 

7:z 



BETHLEHEM STEEL 



Problem: Nozzle ejector thrust augmentation .. .another advanced program at Martin 
requiring the talents of those persons who are seeking creative freedom and greater pro- 
fessional stature in conceptual areas beyond the usual. To participate, write directly to 
N.M. Pagan, Director of Technical & Scientific Staffing, (Dept. B-3),The Martin Company, 
P.O. Box 179, Denver 1, Colorado. 



Fairchild Records $6-Million Loss 


Fairchild Engine and Airplane Co. 
reported a net loss of $5,994,650 for 
1960. most of it due to additional 
write-downs on the F-27 turboprop 
transport which still is in production on 
a limited basis. 

The F-27 line was shut down briefly 
last fall, but four aircraft now arc under 
construction without specific orders for 
them and a limited number may be 
built after that. 

Of five airplanes built last year with- 
out orders, four have been sold in the 
last four months. 

The F-27 write-down of $5,200,000 
was made on the basis that the airplane 
could not be sold at an inventory profit 
at current prices in quantities now con- 
templated. 

With the write-down, the company 
expects at least to break even on any 
1961 sales. 

Remainder of the write-down covers 
anticipated losses on various military 
subcontracts. The company's major 
subcontract program, for B-52 subassem- 
blies, was not involved. 

Following the policy enunciated last 
year with the change in top manage- 
ment of the company calling for ait- 
backs to reduce overhead, non-aerospace 
projects such as International Alumi- 
num Structures, Inc., aluminum bridges: 
Jonco Aircraft Corp., builder of F-27 
assemblies at a plant at Shawnee, Okla.: 
Armalite Division, lightweight sport and 
military rifles, and the Plastics Branch 
were sold or closed. 

Seeks Defense Business 

Edward G. Uhl, Fairchild's new presi- 
dent, told stockholders that Fairchild 
would concentrate henceforth primarily 
on defense business and would seek to 
diversify the technical skills of the com- 
pany rather than its products. The 
former method not only requires less 
capital, but more suits the character of 
the industry today, he said. 

Early this year Fairchild arranged a 
new line of bank credit for a maximum 
of $12 million. Chase Manhattan Bank 
of New York is now the lead bank of 
a group of five, and Bankers Trust Co.. 
formerly the lead bank, has dropped out 
of the lending group along with two 
others. 

Fairchild sales totaled S85.096.S96 
in 1960 compared with $114,068,426 
the year before. The company reported 
a $1,515,261 profit in 1959, but had 
posted a $24 million net loss the year 
before. 

Net worth dropped to $15,578,242 
from $21,572,892 the year before as 
a result of the new write-down. Back- 
log at the end of 1960 was $43 million 
compared with $76 million the year 
before. 


Other financial reports: 

• General Precision Equipment Corp. 
reported net profit of $5,312,692 or 
$3.46 a share on sales of $224,427,566 
in 1960. Figures for the year before 
were $4,198,200 profit, or $2.63 a share 
on sales of $215,588,430. 

Lofti Tests Confirm 
Space Uses for VLF 

Washington— Possibility of using very 
low frequency (VLF) radio for space 
vehicle guidance and for communica- 
tion with submerged submarines via a 
satellite relay has been confirmed by 
results of recent tests using Naval Re- 
search Laboratory’s Lofti satellite. 

The satellite, launched Feb. 21 in a 
piggv-back experiment, failed to detach 
itself from Transit 11IB and the final 
booster stage, but it operated for about 
six weeks before being destroyed upon 
re-entry. 

Limited analysis of Lofti data to date 
indicates that VLF waves (3-30 kc.). 
partially penetrate the ionosphere as 
well as being reflected from it. confirm- 
ing previous theory. Signals transmitted 
at VLF from a ground station in the 
Panama Canal Zone were retransmitted 
liv the satellite at VIIF frequencies to 
NRL mobile and National Aeronautics 
and Space Administration ground sta- 

Abilitv of VLF signals to penetrate 
water and ice to moderate levels has 
prompted their use by Navy for sub- 
marine communications, but has re- 
quired extremely expensive and power- 
ful ground stations to achieve global 

New data suggests feasibility of 
using lower-power stations for trans- 
mission to a distant satellite which 
would rebroadcast at VLF to sub- 

NRL scientists report that data ana- 
lyzed so far indicates that VLF waves 
travel at less than the speed of light, 
the velocity at which all higher fre- 
quency radio waves arc thought to 

Velocity depends upon signal path 
geometry and local ionospheric condi- 
tions, data indicates. 

Another observation, of secondary 
pulses delayed as much as I second from 
primary pulse transmission, suggests 
they arc echos which travel along the 
earth’s lines of magnetic force from 
northern to southern hemisphere and 

Naval Research Laboratory plans to 
launch three or four more Lofti satel- 
lites. including vehicles capable of 
transmitting and receiving at VLF fre- 
quencies. 


News Digest 


Trans-Canada Air Lines completed a 
precautionary inspection of landing 
gear assemblies on its fleet of eight 
Vickers Vanguard aircraft last week, less 
than 48 hr. after one of the transports 
was forced to make a belly landing at 
Montreal Apr. 1 because the right main 
gear failed to descend. Problem was 
traced to failure of the right wheel 
truck to position properly, jamming the 
gear doors. No malfunctions were dis- 
covered on the remaining Vanguards. 

Air Force is transferring 16 C-130s 
from the 839th Air Division. Scwart 
AFB. Tenn., to the 322nd Air Division, 
Evrcux AFB, France to supplement 
present airlift capability' in Europe and 
to provide Tactical Air Command 
fighter units there with inter-theater 
airlift. 


Bell 47G-3B, powered by Lycoming 
TVO-435 piston engine containing an 
AiResearch T-l 1 exhaust-driven super- 
charger, will be marketed by the Ft. 
Worth. Tex., helicopter manufacturer 
in May. This model replaces 47G-3 due 
to further unavailability of Franklin su- 
percharged engines. Sea level perform- 
ance to more than 15.000 ft. is claimed 
for new aircraft at maximum gross 
weight of 2,850 lb., which is some 300 
lb. greater than the earlier 47G-3. 

Nord Aviation has an S86.000 Air 
Force design study contract to deter- 
mine the characteristics of a turbo- 
jet-ramjet powcrplant. The French firm 
has explored the dual propulsion field 
with its Griffon research aircraft. 


Northwest Airlines last week reported 
1960 net earnings of $1.6 million, com- 
pared with a 1959 profit of $5.7 million. 
Gross revenues of $123.3 million were 
down 2.1% from those of the previous 


Trans World Airlines earned a net 
profit of $6.4 million from both inter- 
national and domestic operations in 
1960, compared with a net profit of 
59.4 million for 1959. Gross revenues 
reached $378,3 million, an 8.6% in- 
crease over 1959. Operating expenses 
for the year climbed 9.4% to 5362.3 
million. 


General Electric Missile and Space 
Vehicle Department will conduct a 
$100,000, one-vear National Aeronau- 
tics and Space Administration study of 
the feasibility of a magnetohydrody- 
namic electric engine for space applica- 
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AIR TRANSPORT 


FAA Re-evaluating Radar Handoff System 


Agency reappraising Hazeltine TV marker device 
under spur of pressures from midair collision. 

By David H. Hoffman 

Washington— Federal Aviation Agency, responding to pressure generated 
by the Dec. 16 midair collision over New York, plans to revive its evaluation 
of a radar handoff system designed to help keep aircraft under uninterrupted 
ground radar surveillance during letdowns and approaches. 

The decision to reappraise the relatively simple but long-shelved system is 
a departure from FAA's general concentration on developing the automatic 
systems which will be required for future traffic control, a concentration 
which has given current state-of-the-art improvements a relatively minor role. 


By attaching a television marker to a 
given target, even though the target ap- 
pears on more than one radar scope, the 
system will furnish air traffic controllers 
with an electronic aid in executing ra- 
dar handoffs. Thus, radar surveillance 
need not necessarily be interrupted 
when an inbound aircraft flies from air- 
space monitored by an Air Route Traffic 
Control Center (ARTC) into airspace 
monitored by airport approach con- 
trollers. 

During just such an interruption last 
winter, a United Air Lines DC-8, en 
route to New York International Air- 
port. overshot its clearance limit and 
collided with a Trans World Airlines 
Super Constellation (AW (an. 16. p. 
>8). The crash, which killed 128. fo- 
cused congressional attention on the 
critical radar gap between most U.S. 
center and approach control facilities 
and on radar handoffs in general. 

The TV radar handoff system 
(TRHS) was conceived by Haz’cltine 
Technical Development Center engi- 
neers almost three years ago. It was 
once the cornerstone' of an FAA study 
aimed at determining how controllers 
could best pass an aircraft from one 
ARTC sector to another, or from 
ARTC to approach control, without 
losing radar contact. It was also the 
subject of Hazcltinc’s detailed Tech- 
nical Proposal 6005 to the FAA. dated 
Mar. 1 5. 1960. 

When FAA’s Technical Develop- 
ment Center at Indianapolis closed in 
June. 1959, the original study was 
scrapped. Thereafter, fiscal priorities 
drafted by the Agency's Bureau of Re- 
search and Development ruled out a 
reinstatement until Feb. 17. 1961, date 
of the present $170,457 contract with 
Hazeltine. Of this. SI 49,721 is for 
hardware, S20.716 for study and field 
installation. 

On Feb. 20. Sen. A. S. Mike Mon- 
ronev (D.-Okla.) opened his Senate 


Aviation Subcommittee air safety hear- 
ings. During the two-week session. Sen. 
Monroncv urged FAA to strengthen the 
radar coverage offered aircraft approach- 
ing terminal areas in the light of defi- 
ciencies disclosed bv the New York 
collision (AW Feb. 27. p. H). 

"It seems to me," Sen. Monroney 
said, "that we're in such a great rush 
to accommodate a large volume of 
traffic that we do less than is humanly 
possible to be certain that planes arc 
in their right positions." In the traffic 
congestion that results. "Radar has no 
time to watch for a possible overflight 
of a vital point, even though it may 
mean life or death for 100 or more 


Hazeltine believes that it can easily 
deliver all components needed to evalu- 
ate TR1IS before Nov. 1. the purchase 
contract’s deadline. BRD testing at 
FAA's Atlantic City, N. J„ experimen- 
tal center probably will take an addi- 
tional eight weeks. First production 
contracts, therefore, cannot be expected 
before January or February, 1962, even 
if FAA's Bureau of Air Traffic Manage- 
ment approves the evaluation prepared 
by BRD. 

As envisioned by Hazeltine. the 'I A' 
radar handoff svstem will involve these 
major components and functions: 

• Dual axis control stick. Using this 
control, or "joy stick," the controller 
who would make the radar handoff pin- 
points the appropriate aircraft's blip by 
positionine alpha-numeric characters or 
svmbols beside it on his scope. 

• Coordinate translator. This device 
converts the geographical coordinates 
of a target on one TV display to iden- 
tical coordinates on another. With some 
sacrifice in accuracy, target data can be 
relayed to repeater scopes fed by a 
separate antenna system. 

• Character generator. By deflecting the 
beam of a small monoscope, this pro- 
duces the symbol associated with a 
given target. "The same symbol would 
appear simultaneously on the two 
scopes, or repeaters, involved in a radar 
handoff. 



Western Plans Turbofan 720B Flights in June 


Western Air Lines' first turbofan Boeing 720B takes off from Boeing's plant at Renton. 
Wash. Western has ordered four of the medium-range transports and expects to begin 
scheduled 720B flights next month. The online is now operating two 707s leased from 
Boeing. Four Pratt & Whitney JT3D-ls (17,000 lb. thrust) boost cruise speed to more 
than 600 inpli. (AW Mar. 20, p. 67). 
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Carriers Focus on Own Problems 
As TWA-Northeast Pact Expires 


• Telephone encoder and decoder. As 
the control stick is positoned, the en- 
coder develops two audio signals which 
fix the target's location. These are fed 
to the decoder through ordinary tele- 
phone circuitry. The decoder translates 
the frequencies into voltages that actu- 
ate either the translator or character 
generator. 

Bv supplementing aids already in- 
stalled in towers and center 1FR rooms, 
use of the TV radar handoff system is 
expected to cut the volume of conver- 
sation routinely required of controllers 
working traffic. Presently, a receiving 
controller may be warned of an air- 
craft flying into his area by interphone, 
squawk box or signal lights. Flight 
progress strips and beacon returns might 
be used to furnish additional informa- 
tion. With TRHS available, identifica- 
tion, under certain circumstances, 
might be sufficiently precise to warrant 
a radar handoff without detailed verbal 
descriptions of the target involved. 

Despite its revived interest in the 
system. FAA is aware that TRHS 
possesses some significant operational 
handicaps. F'or example. TRHS alone 
does not solve the slant range error am- 
biguity inherent in an aircraft sighting 
taken from two different radars. Lack- 
ing its own source of altitude informa- 
tion, TRHS cannot cope with the criss- 
crossing blips in a crowded holding pat- 
tern. Nor can it distinguish between 
two aircraft flying over the same point 
at different altitudes. 

According to R.- L. Sorensen. Hazel- 
tine's electronic design supervisor. 
TRHS will serve as a "good guide for 
controllers" attempting to pass an air- 
craft from one radar system to another. 
But if other targets are in close prox- 
imity as the changeover takes place, the 
inter-radar handoff is seldom positive, 
he said. Controllers in this situation 
must consider the target's course and 
speed or perhaps call for a turn to es- 
tablish positive radar identification. 

One advantage of the system under- 
scored by both FAA and Hazeltine is its 
ability to operate within the realm of 
scan converted radar displays. Scan con- 
version— which stores the display tem- 
porarily illuminated by the rotating 
trace of a standard radar scope and ren- 
ders it suitable for TV reproduction- 
will be installed in most major ATC 
facilities within the next few years. 

The TV screen shows a constant pic- 
ture. completely independent of radar 
acquisition time. Video markers can 
lie moved at will across the TV pic- 
ture's face without leaving permanent 
smears. At the same time, marker in- 
tensity can be controlled. The result is 
a system well suited to the transfer of 
target data between the TV displays 
of two different radars, or two different 
range scales, or decentcred displays 
from the same radar, Hazeltine says. 


Washington— Prospects for a Trans 
World Airlincs-Northeast Airlines mer- 
ger are growing dimmer as TWA re- 
views its management policies under a 
new president and Northeast concen- 
trates on permanent renewal of its New 
York-Florida operating authority. 

Completion of a S500-million equip- 
ment financing deal by TWA, along 
with the selection of several new direc- 
tors, has set the stage for a complete re- 
evaluation of the merger proposal, ap- 
proved earlier by the board of directors 
of Northeast, but delayed by TWA 
pending the completion of financial 
arrangements for its future fleet expan- 

TWA requested that the deadline 
for a final decision on the proposed 
merger be extended until June 50 to 
permit further study by its new man- 
agement. 

TWA suggested that such a 
study could best be accomplished by a 
"recognized transportation consultant" 
to determine the over-all effect of the 
merger on the international carrier's 
operations and earnings. 

Charles C. Tillinghast, who assumes 
the presidency of TWA on Apr. 17. 
has stated that he intends to thoroughly 
explore the merger idea to make sure 
that it offers more to the airline than 
merely a means of increasing its size. 
Second Request Refused 

Northeast, which earlier agreed to 
move the merger decision date up from 
Jan. 51 to Apr. 1, refused to grant the 
second request on grounds that it 
“could no longer remain in a position 
which does not permit us a complete 
freedom of action." However, the air- 
line added that a merger would “serve 
the best interests of both corporations 

Meanwhile. Northeast is citing it-, 
fleet of six Convair-880 turbojets, leased 
from the General Dynamics Corp. and 
General Electric, as one of the major 
reasons why the Civil Aeronautics 
Board should give the carrier perma- 
nent operating rights on the New York- 
Florida route over which it was cer- 
tificated temporarily nearly five years 

"We have the management, aircraft 
and know how . . . and have success- 
fully weathered the burdensome tran- 
sitional years,” the airline argued in re- 
questing renewal of its authority on the 
route, which expires in November. 

Northeast's six 880s are part of 
Hughes Tool Co.'s 50-aircraft order, 
placed with General Dynamics' Con- 
vair Division for TWA. They were 


leased by Northeast— from General Dy- 
namics for the airframes and General 
Electric for the CJ-S05-5 povvcrplants- 
over a seven year period with an option 

Last week. General Dynamics was 
negotiating with Nelco Inc., for the 
possible purchase of the leased airframes 
under terms which would permit Nelco 
to continue their lease to Northeast. 
Nelco is jointly controlled by Aviation 
Financial Services, Inc., and "the Equi- 
lcasc Corp.. a subsidiary of Electric 
Auto-Lite Co. Lease of the Convair 
880s’ engines would continue under a 
separate agreement with General Elec- 

In addition to the Convairs. North- 
east is leasing a Boeing 707 which will 
be returned to TWA by May 1. and 
also operates a fleet of 10 Vickers Vis- 
counts. 10 Douglas DC-6Bs and 6 DC- 

To aid Northeast's transition to tur- 
bojets. the Hughes Tool Co. has also 
loaned the airline a current total of SS 
million in the form of unsecured and 
subordinated notes, covering the inte- 
gration of the Convairs into its fleet, 
spare parts and working capital. In ad- 
dition. the Atlas Corp., which has a con- 
trolling interest in the airline, has in- 
vested S20 million in Northeast during 
the past five years, according to James 
W. Austin, president of the airline. 

Defending Northeast's right to con- 
tinue in the Florida market. Austin told 
CAB that the airline’s current aircraft 
fleet is valued at S40 million, compared 
with only $2.5 million when the car- 
rier was certificated between New York 
and Florida. 

Despite early problems in acquiring 
new equipment and facing heavy com- 
petition over the route. Northeast's 
share of this traffic market has climbed 
from 97.115 passengers carried in 1957 
to 281,854 in 1960 and is expected to 
reach 400,000 by the end of this year. 
Austin said. 

As an example, he cited the average 
load factor of 66.5% which Northeast 
realized with its leased Boeing 707 last 
year on a single daily round-trip sched- 
ule which carried 6S.00O passengers 
between New York and Miami. 

Competing against Eastern Air Lines 
and National Airlines between Boston 
and Florida points in 1959. said Austin. 
Northeast carried 58% of the Miami 
traffic. 26% of the Tampa traffic and 
15% of the Jacksonville traffic, lire use 
of Convair 8S0 equipment should en- 
able Northeast to carry "twice as much 
traffic as Eastern" along the Boston- 
Miami route, lie said. 
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Los Angeles Airways Expands With S-61s 


By William H. Gregory 

Los Angeles— Delivery this summer 
nf large turbine-powered helicopters 
capable of earning substantial payloads 
of mail and passengers at the same 
time will produce a fundamental 
change in the character of Los Angeles 
Airways. 

Until now. carriage of mail required 
under the airline's subsidy provision 
has gotten first priority and has pre- 
vented full exploitation of the potential 
passenger business in this multi-urban 
industrial and tourist region. 

Integration of five Sikorsky S-61Ls 
—three this year and two next— into 
the airline's system will bring other 
changes in addition to the increasing 
stress on passenger business. 

• Increased frequencies because of the 
higher speeds of the new aircraft. 

• Pressure for longer routes. Los 
Angeles Airways already has filed with 
the Civil Aeronautics Board for exten- 
sions as far as Santa Barbara and Ed- 
wards AFB to the north. San Diego to 
the south and Lake Arrowhead to the 
east. Other desert and mountain re- 
sorts are a future possibility. 

• Revised fare structure. Fares now do 
not relate proportionately to mileage 
and tend to penalize the longer hauls. 

• Modified maintenance procedures 
and increased number of maintenance 
personnel. 

The airline has projected carrying a 
half-million passengers annually by 
1963 compared with the -10,000 level 
of last year, but Robert Hubley. vice 
president-traffic and sales, believes 
that with proper promotion this traf- 


fic figure might well be doubled. 

By way of comparison, the airline 
carried 5.362,661 lb. of mail and 2,- 
898.000 lb. of air express in 1960. 

One big advantage the helicopter 
carrier has is the existence of 20 heli- 
ports in the Los Angeles area now and 
the receptiveness of local governments 
tc provide new ones. A city center 
heliport now is under consideration in 
downtown Los Angeles and S-61 pas- 
senger service might be possible to the 
downtown area this year. 

Present routes of Los Angeles Air- 
ways are divided into four segments 
for schedule making and utilization 
purposes. Segments A and C (sec map) 
arc the shorter run routes to Lockheed 
Air Terminal on the north and Ana- 
heim-Disneyland to the south. Seg- 
ment B is the run to San Bernardino 
to the cast, and about twice the dis- 
tance of the other two. Shuttle service 
to the Los Angeles main post office 
downtown is classed as Segment S. 

Biggest handicap now to exploiting 
passenger service is the payload limita- 
tion of the S-55. five of which make 
up the current Los Angeles Airways 
fleet, and the mail priority. An S-55 
may go out full of mail, but the post 
office may have nothing coming back. 
Lack of interconnecting traffic and 
uncertain capacity thus hampers de- 
velopment of a passenger market. Even 
in all-passenger configuration, the S-55 
will carry only 6-7. 

Los Angeles Airways' S-61 s will be 
fitted with a 50-cu.-ft. removable bag- 
gage pod forward on the left side of 
the fuselage and two bins aft of the 
rear door on the right side with a total 


of 57-cu.-ft. capacity, for a 1.200-lb. 
total. All double seats on the left for- 
ward of the cargo door can be folded 
to the wall and screened from the pas- 
sengers aft by a removable partition for 
added cargo space. 

With this flexible passcnger-cargn 

configuration, the airline will go into 
two new phases of operation. One is 
the initiation of downtown Los Angeles 
passenger service. The other will be at- 
tempts to break out of the airport-to- 
stiburb service for airline passengers and 
build an intercity service for business- 
men or shoppers, a service that has pos- 
sibilities in the Los Angeles area be- 
cause of its geographical dispersion and 
lack of public surface transportation. 

S-61 service also will present Los 
Angeles Airways the opportunity to tap 
the potential of a heavy tourist mar- 
ket, Catalina Island, because of ca- 
pacity not needed to serve the airline's 
established routes. 

During the summer, the airline plans 
to make as many runs a day as possible 
on this 20-min. flight. It also has the 
potential to serve as a balance for the 
desert resorts, where traffic would be 
heavier during the winter. 

Besides the new services to down- 
town Los Angeles and Catalina. Los 
Angeles Airways plans to begin flights 
to three other new heliports expected 
to be available: 

• Newport-Balboa. This would be an- 
other tourist market to seaside vaca- 

• Pasadena and the west San Fernando 
Valley area. Both are growing indus- 
trial and residential areas. 

San Bernardino, with its ballistic 
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MAIL IS UNLOADED bom Los Angeles Airways S-55 on rooftop heliport at the downtown Los Angeles post office (top). Post office 
shuttle service is route segment S on map (below) which shows present and proposed route for the carrier. Other route segments arc divided 
A. B and C for scheduling and utilization purposes. Major potential market for the airline is Avalon on Catalina Island, which is shown 
as a proposed route, but which actually has been declared bv CAB as part of the carrier's route area. Other extensions arc pending before 
the Board. San Bernardino, segment B. is the biggest passenger traffic demand point on the system at the present time and Los Angeles 
Airways believes S-61 capacity and speed can stimulate more traffic. 
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Shell answers the ten questions 
you might ask about AeroShell Oil W— world’s first 
non-ash dispersant aircraft oil 


Less oil consumption. Longer intervals between engine over- 
hauls. Easier starting, faster warm-up, reduced wear on piston 
rings, cylinder bores, cam lobes, lifter faces, gears and bushings. 

All these benefits have been obtained with new Aero Shell ® 
Oil W. Here, in handy question- answer torm, are the facts. 


1. What types ot aircraft can use 
AeroShell Oil W? Piston engine 
planes of any size. Helicopters, too. 

2. Why is it called a non-ash dispers- 
ant oil? Because it contains special ad- 
ditives that help keep tiny, ingested 
particles in the oil from clumping to- 
gether and forming deposits. These par- 
ticles remain suspended and dispersed 
until they bum. 

3. How does this effect engine per- 
formance? It means that engine parts 
stay cleaner. That lubrication points 
get all the oil they need. Votir engine 
runs more efficiently, parts last lottger. 

4. What about oil consumption? Be- 
cause AeroShell Oil W means de- 
creased wear and a cleaner engine, you 
can expect less oil consumption. 

5. Can AeroShell Oil W reduce my 
maintenance costs? If you have been 


using a straight mineral oil, AeroShell 
Oil W can reduce your maintenance 
costs substantially. Reason: your en- 
gine runs cleaner and cooler. Oil con- 
sumption is less. Thus, you can extend 
intervals between engine overhauls. 

6. How does this new oil respond 
from a cold start? AeroShell Oil W 
has an unusually high viscosity index. 
This guards against excessive thicken- 
ing of the oil when cold, yet provides 
outstanding lubrication when hot. Re- 
sult: easier starting, faster ivarm-up. 

7. Is AeroShell Oil W thoroughly 
proved? Thoroughly. It's had millions 
of engine hours of flight time. 

8. Where is it available? At Shell Avi- 
ation Dealers everywhere. Arty dealer 
will stock AeroShell Oil W if you ask 
for it. 

9. Can I add AeroShell Oil W as a 


make-up oil? Yes. It is compatible 
with all piston engine oils now being 

10. Is there more than one viscosity 
grade? What do I ask for? AeroShell 
Oil W is available in three viscosity 
grades: 80 grade for small engines 
where straight mineral oil grade 55, 
65, or 80 is normally recommended. 
Also in 100 and 120 grades for large 
engines where straight mineral oil 
grade 100 or 120 is normally recom- 
mended. 

FREE technical bulletin on Aero- 
Shell Oil W at your request. Write: 
Shell Oil Co., 50 West 50th St., New 
York 20, N. Y. 


SHELL 


A BULLETIN FROM SHELL 
-where 1.997 scientists are working 
to provide better products for industry 


missile logistics center, now is the 
major passenger traffic generation point, 
and larger capacity and more fre- 
quencies provided bv the S-61 arc ex- 
pected to enhance this segment. 

Importance of military and defense 
industry traffic to the airline is apparent 
in that its application for route exten- 
sions included: 

• San Diego to the south and its nearby 
military bases including Camp Pendle- 
ton and the Miramar Naval Air Station. 

• Pt. Mugu naval base to the northwest 
and Edwards AFB to the north. 

• Norton AFB, March AFB, and 
George AFB in the San Bernardino area 
to the east. 

S-55s now get about 9 hr. utilization 
a day and average 150 passengers a day 
plus mail on a schedule averaging 96 
flights a day on week days. The S-61s 
will increase capacity approximately 10 
times in their first fiscal year of opera- 
tion and about 20 times in their second. 
They are expected to carry 1,000 passen- 
gers a day in Fiscal 1961 and 2,000 a 
day in Eiscal 1962 for a 65% load 

Besides the usual local advertising, 
the airline plans to promote passenger 
service through the long-haul fixed-wing 
airlines and through travel agents. 
About 50% of the helicopter carrier's 
airline connection traffic comes from 
United Air Lines, which carries roughly 
that same percentage of traffic into and 
out of Los Angeles. In June, Los An- 
geles Airways plans to move its Inter- 
national Airport passenger loading site 
to the new United satellite terminal 
now under construction. 

Jet aircraft have tended to smooth 
out the morning and afternoon traffic 
peaks at the airport from the helicop- 
ter carrier's viewpoint, but it feels the 
Catalina service will be a valuable seg- 
ment to fill out the valleys in this con- 
necting traffic. 

Some knowledge of the frequency 
potential of the S-61 and its competi- 
tive position can be gained by the Los 
Angeles Airways comparison of times 
between International Airport and vari- 
ous cities by surface and helicopter, 
exclusive of traffic delays. 



Sikorsky has given the airline a pro- 
jection of operating costs of 12 cents a 
passenger mile at a 60% load factor. 

In its guaranteed loan application 
with CAB, the airline estimates S-61 
passenger revenues to increase from 
5278,764 this year to SI. 527.759 next 
year and 52,265,284 the following year. 
By 1965, the airline estimates passenger 


revenue to reach 52,916,516 and total 
revenue 53,456,538. 

Flying operation expenses are esti- 
mated at S271.561 this year, rising to 
S71 5,840 next year, hitting a peak in 
1964 of 5901,521 and dropping off 
slightly afterward. Direct maintenance, 
estimated at 5243,482 this year, will rise 
to 5652,000 next and level off in the 
5700,000-750,000 arc a for the rest of 
the period. 

Total operating expenses will exceed 
total revenues through 1964, the airline 
estimates, but will fall to S3.393.692 in 
1965, about 540,000 less than total 
estimated revenues. It is evident Los 
Angeles Airways does not expect to 
reach subsidy-free operation with the 
first generation of turbine-powered heli- 
copters. The gap will be narrowing, 

The airline is seeking a guarantee for 
a 52,891,637 loan from the Bank of 
America for four of the five ships, whose 
total cost is S3.212.930. The remainder 
and the fifth ship will be financed out 
of cash flow, largely from depreciation 
and amortization. 

Flight equipment depreciation on the 
S-61s will rise from an estimated $193.- 
699 this year to S403.473 next year and 
will continue at about that level through 
1965. 

Typical fares currently from Interna- 
tional Airport run 56 to Alhambra, 57 
to Disneyland, and 58 to San Ber- 
nardino, the highest fare in the sched- 
ule. These are based on a local zone, 
0-10 mi., fare of S3.85 including tax; 
city zone, 10-20 mi., of 56; suburban 
zone. 20-40 mi., of 57, and extended 
area zone, 40-65 mi. of 58. Thus the 
fare to San Bernardino of 58 is only 
51 more than the fare to Disneyland, 
which is only about half the distance. 
Revised Schedule 

The airline is preparing a revised 
schedule calling for a basic 54 handling 
charge, plus a dollar for each 10 mi. 
Tire 10-mi. local zone fare would be 
55 under this schedule, the Disneyland 
fare the same as it is now, and the 
San Bernardino fare 510. Not only 
must the CAB approve such a schedule, 
but so also must the California Public 
Utilities Commission, which may be 
a tougher body to convince. 

Maintenance procedures with the S- 
61 will be similar to those now in ef- 
fect with the S-62 (AW Apr. 3, p. 40). 
General Electric will perform engine 
overhaul at its Ontario, Calif., plant, 
but Los Angeles Airways will do trans- 
mission and airframe overhaul and in- 
spections. Added operations experience 
is expected to provide longer time 
between overhauls than the 600 hr. on 
engine and 300 hr. on gear boxes now 
applicable for air carrier service. 

Under consideration is a progressive 
overhaul system now used by fixed-wing 


S-61 Operating Cost 
Estimates 

Los Angeles Airways estimates its 
S-61L operating costs Will level off at 13 
cents per available scat mile in 1964 and 
1965 after S-55 phase-out and transition 
costs arc out of the way. 

In its application for a guaranteed 
loan now being processed by the Civil 

five-vear summary.’ The first two vears 
include the S-55 phase-out. The csti- 

• Cost per available seat mile: 27 cents 
in 1961; 17 cents in 1962; 14 cents in 
1963, and 13 cents 1964 and 1965. 

• Cost per revenue passenger mile flown: 
90 cents in 1961; 42 cents in 1962; 31 
cents in 1963; 27 cents in 1964, and 25 
cents in 1965. 

• Cost per available ton mile: 53.10 in 
1961; 51.41 in 1962; $1.18 in 1963; 
51.13 in 1964, and 51.11 in 1965. 

56.48 in *1961; 53.74 in 1962; 52.90 in 
1963; 52.60 in 1964, and 52.31 in 1965. 

Costs arc total— direct and indirect— 
and arc based on ovcr-all load factors of 
40.6% in 1963; 43.7% in 1964 and 
47.9% in 1965. 


airlines. This would divide the aircraft 
into 10 zones, each inspected progres- 
sively at various hourly levels, the 
higher stressed areas at the lower end 
of the spectrum. Instead of having a 
ship down for IS hr. as is done with the 
S-55, only 6 hr. would be required for 
an individual zone inspection. 

Though not the most efficient sys- 
tem from a maintenance standpoint, 
since it requires more personnel, it is 
efficient from the aspect of aircraft uti- 
lization. The system would be so 
established that all aircraft would be 
flying at peak periods. 

More pilots will be needed, since 
the S-61 will require a copilot, a prac- 
tice not now necessary with the S-55 
or S-62. 

Looking to the future, the airline has 
filed an application with CAB to begin 
local service in the San Francisco area. 
A certain element of family rivalry is 
involved here, since Mervin F. Bagan, 
a former Los Angeles Airways vice 
president, has gone to San Francisco 
and is obtaining on lease-purchase two 
Sikorsky S-62s to begin a San Francisco 
Airport to Oakland service. 

Intercity helicopter service— Los An- 
gcles-San Francisco, for example— is not 
out of the question now as being com- 
petitive in time with fixed-wing service, 
but economics, even of the S-61, are 
not competitive. The competitive limit 
for the near term future— economically 
and in time-is about 100 mi., Los An- 
geles Airways believes. 
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EVERY 20 SECONDS 

somewhere in the world a 
ROLLS-ROYCE 
turbine powered airliner 
takes off 

ROLLS-ROYCE OF CANADA LIMITED, BOX 1400, ST. LAURENT, MONTREAL 9, P.Q. 

ROLLS-ROYCE LIMITED • DER8Y • ENGLAND AERO ENGINES • MOTOR CARS • DIESEL AND GASOLINE ENGINES • ROCKET 
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CAB Bars Hasty Future Merger Action 


Washington— Civil Aeronautics Board 
decision last week, which gave United 
Air Lines formal authority to acquire 
Capital Airlines only seven months 
after the merger agreement was filed, 
has quashed earlier hopes that future 
large-scale merger proposals would be 
handled with equal speed. 

Throughout the 60-page opinion, the 
Board broadly hinted that it viewed the 
course it was forced to follow in approv- 
ing the merger with disfavor but 
stressed that it saw no practicable alter- 
native to saving Capital from its fiscal 
plight. It said: “Notwithstanding the 
manifest implications of the merger in 
terms of maintaining a balanced route 
structure, we find that the public inter- 
est in preventing a collapse of the Capi- 
tal system outweighs whatever disadvan- 
tages may inhere in the merger." 

In separate concurrences, two of the 
four participating Board members, 
Chairman Alan S. Boyd and G. Joseph 
Minctti. emphasized they would have 
preferred broader studies of Capital's 
problems as an alternative to merger 
and added that they were not happy 
with the domestic trunkline route struc- 
ture as it will exist when the consolida- 

Board member. Robert Murphy, did 
not take part in the case. 

Boyd said the Board should have 
studied the possibilities of suspending 
or transfering Capital's routes at the 
time the merger agreement was filed. 

1 le added that such action is not possi- 
ble now because of Capital's precarious 
financial condition. 

Minetti, in a dissent filed with his 
separate concurrence, felt otherwise. He 
stated that steps could still Ik- taken to 
keep Capital alive while an investigation 
of the effects the merger would have on 
the industry was being conducted. 
Minctti also doubted that United would 
reject the merger were the Board to 
remove the New York-Atlanta-Ncw Or- 
leans route from the merged svstem. 
Both Delta and Eastern have claimed 
that United competition on this route 
would result in damage to the two car- 
riers. Minetti added: 


“In plain terms, the merger agree- 
ment with Capital is a once-in-a-lifc- 
time opportunity for United. Common 
sense dictates that the carrier would 
adhere to the merger, even if a small 
portion of the anticipated gain from the 
transaction were denied it." United, in 
submitting the merger proposal to the 
Board, stated that it would drop the 
merger plans unless all of Capital's 
routes were transferred to the merged 




Generally, the Board agreed to this 
condition in its final decision. How- 
ever. to protect Mohawk and Allegheny 
it placed these restrictions on the new 
route structure: 

• United will be prohibited from pro- 
viding serv ice between Harrisburg. Pa.. 
and New York and between Harrisburg 
and Pittsburgh. 

• No service will Ik- provided between 
Philadelphia and Pittsburgh except on 
flights originating or terminating at 
Omaha or points west. 

• Single-plane service between Buffalo 
and Detroit by United will be pro- 
hibited. 

General tone of the majority opinion 
was that the Capital-United merger 

the Board was not establishing a new 
policy by expediting and approving the 
agreement. It stressed that its opinion 
was based in large part upon the need 
for preventing the financial collapse of 
Capital to protect the financial integrity 
of the airline industry. 

It warned that the" "unrestricted ap- 
proval of this proposed merger agree- 
ment does not preclude the Board . . . 
from taking a second look at the matter 
in the future in the event that circum- 
stances develop with respect to these 
routes which we cannot forsec.” 

It is now apparent that the Board 
docs not anticipate similar emergency 
problems and that in any future cases 
strong consideration will be given to 
such Factors as over-all route structure, 
traffic flow, competition and capacity. 
In its decision, the Board said the 
United-Capital merger approval will 
not prejudge future merger applications, 
each merger will be decided on its own 
merits, no new precedents have been 
established and that past precedents in 
merger cases do not preclude approval 
of the United-Capital merger. 

In approving the merger, the Board 
laid down a number of labor protective 
provisions similar to those applied in 
previous merger cases. These provisions 
are designed primarily to ensure fair in- 
tegration of seniority lists of both com- 
panies. to guarantee that no employe 
will be placed "in a worse position with 
respect to compensation” as a result of 
the merger and to provide for equitable 
displacement and dismissal allowances. 

The Board also attached these two 
conditions to the merger approval: 

• For rate-making puqioscs, merger ap- 
proval shall not be relied upon by 
United as a basis for augmenting the 
investment value of assets acquired or 
as a basis for claiming an investment 
value in excess of the price paid for 
assets acquired. 

• In accounting for the merger transac- 


. lion, assets and liabilities shall be trans- 
ferred to United at the values shown 
on the books of Capital, with any dif- 
ferences between book value and pur- 
chase price to he entered in the 
acquisition adjustment account and held 
in suspension until all adjustments have 
been made for items not directly a part 
of the acquisition adjustment account. 

Late last week. United said it agrees 
to the conditions laid down by the 
Board and that immediate steps will be 
taken to consolidate the two companies. 
The airline expects to complete the 
merger process by July 1. 

Here arc the next major steps that 
must be taken before the merger project 
is completed: 

• Petitions for reconsideration must be 
filed within the next 20 days. Answers 
to such petitions must be filed within 
the following 10 days. 

• Board will then give its decision on 
the reconsideration petitions. 

• Carriers protesting the merger deci- 
sion may seek a court review of the 
decision, but tins action must be taken 
within 60 days of the date of the Board's 
decision, which was Apr. 3. 

• United must file formal acceptance of 
the conditions attached to the approval 
of the merger. 

• Merger will lie legally final when 
United files the merger agreement with 
the Secretary of State of Delaware, the 
state in which the carrier is incorpo- 

Ainerican Profit Drops 
As Revenues Increase 

Washington— American Airlines last 
week reported net earnings of SI 1.7 
million for 1960, a 44% decrease from 
1959 profits despite a 1 3.4% increase in 

Expenses for the year totaled S408 
million, a 16% increase over gross ex- 
penses in 1959. Net working capital 
for the year was S57.7 million, com- 
pared with $72. 3 million the previous 
year. In its annual report. American 
gave these reasons for the decline: 

• Growth in traffic during the year was 
less than usual because of a slowing 
down in the economy and a sharp 
squeeze on business profits generally. 

• Costs for the transportation of mail 
and airfreight increased, but there was 
no increase in charges for such trans- 
portation. 

• Trend toward lower-priced aircoach 
service depressed gross revenues. 

• Basic costs have continued to in- 
crease, offsetting in part economies ex- 
pected from the use of larger and more 
efficient aircraft. 
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The big name in jets ■ ■ ■ Pratt & Whitney aircraft's 

JT-3 and JT-4 engines are writing a story of reliability unprecedented in 
airline history. Their unmatched economy and dependability have led to 
increased utilization of jet aircraft, boosting the planes' earning power 
beyond expectations. The engines' contribution to new rates of schedule 
completion has been outstanding. They power most of the world's big 
jet aircraft. Now, a new turbofan series— developed from this famous 
family of jets— promises new advances in power, economy and dependa- 
bility. By every measurement, Pratt & Whitney Aircraft is without ques- 

U.n ffi! Big Ban,. i„ Jete. AIRCRAFT CORPORATION 

PRATT & WHITNEY AIRCRAFT DIVISION 

EAST HARTFORD, CONNECTICUT 
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Supplementals Pressing to Expand 
Transatlantic Charter Business 


By Robert II. Cook 

Washington — Supplemental airlines 
ore hoping tiic Kennedy Administra- 
tion's efforts to attract more foreign 
travelers to this country will open the 
way for the carriers to move into trans- 
atlantic charters on a large scale. 

Independent Airlines Assn, is ex- 
pected to concentrate on the need to 
offer lower air fares to Europeans to 
"break the price barrier" on interna- 
tional travel and to aid in the Adminis- 
tration's campaign to improve the U.S. 
foreign payments balance when the sup- 
plemental carrier group testifies in a 
House Commerce committee hearing on 
establishment of an Office' of Interna- 
tional Travel. 

IAA will argue that while the trans- 
atlantic charter business was almost 
evenly divided between American flag, 
foreign and supplemental carriers in 
1059. the foreign airlines more than 
doubled their share of this market last 
year by offering new. low-cost charters. 

Capitol Airways and Califomia- 
Hawaiian Airlines, supplemental airlines 
and members of IAA. last month asked 
Civil Aeronautics Board permission to 
inaugurate reduced charter fares over 
the Atlantic this summer at rates some 
of which arc less than half the current 
economy-class fares. 

Filing of the new tariffs, scheduled 
to be effective Apr. 16 for Capitol and 
Apr. 26 for California-IIawaiian unless 
rejected by the CAB. has raised a diffi- 
cult question for Board attornevs be- 
cause of the airlines' contention that 
their fares are permissible under Section 
401(F) of the Federal Aviation Act. 
This section, similar in meaning to sec- 
tions of the Interstate Commerce Act 
applied to bus charter operations, per- 
mits CAB to grant any certificate airline 
an exemption to conduct “special sen- 
ice" type charters subject to its pre- 
scribed economic regulations. 

Section 207 of the Board s regulations 
spells out the ground rules for granting 
charter and other “special sendee" oper- 
ations for trunk carriers but makes no 
distinct reference to supplemental air- 
lines. It is primarily on this point that 
the supplementals contend their tariffs 
should be permitted, since there appears 
to be nothing in the Board's regulations 
to specifically detail the charter control 
over their operations. 

CAB spokesmen admit that Section 
207 docs not contain any specific refer- 
ence to charter rules for the supple- 
ment's and indicate the obvious solu- 
tion to this omission may require a 
further amendment to the section to 


include the supplemental carriers. 

While IAA and the two supplemen- 
tal will push hard for the lower air 
fares on the basis of the "public inter- 
est" angle that the over-all savings will 
produce a greater volume of foreign 
visitors to this country, it is doubtful 
that CAB will permit the fares because 
of the powerful competitive effect they 
would have on U.S. flag carriers. 

IAA notes that should the Board vote 
to reject the tariffs, or suspend them for 
further investigation, the association 
will demand a full public hearing on 
charter fare problems. CAB’s coopera- 
tion with the International Air Trans- 
port Assn, agreements setting interna- 
tional fare levels constitutes "an Iron 
Curtain against lowering fares across 
the Atlantic.” IAA officials charge. 

Capitol’s plan is aimed primarilv at 
Europeans and would offer piston- 
engine. round-trip transportation be- 
tween major European cities and New 
York at a price of S195 from London. 
S295 from Rome and S245 from Frank- 
furt. Summer economv fares for round- 
trip. piston-engine transportation be- 
tween the same cities under the existing 


Washington— Competing U.S. air- 
lines are raising strong objections to the 
proposed merger between Riddle Air- 
lines and Aerovias Sud Americana, and 
Pan American World Airways is charg- 
ing that the two cargo carriers are con- 
triving an unofficial merger in advance 
of Civil Aeronautics Board approval. 

Riddle Airlines last month asked Civil 
Aeronautics Board to permit a merger 
with Aerovias Sud Americana, an in- 
ternational cargo carrier, that would ex- 
tend Riddle's all-cargo domestic routes 
into Latin America. 

Pending the Board's decision on the 
merger. Riddle has entered into a series 
of agreements with Aerovias. A trip 
lease and interchange agreement is now 
before the Board for approval, accom- 
panied bv a request for exemption from 
hearing until after the decision on the 
proposed merger. Sales, maintenance, 
service agreements await Board ap- 

Thc trip lease pact would allow 
Riddle to rent Aerovias aircraft bv the 
hour, with Riddle crews operating them 
over Riddle routes. Aerovias would pro- 
vide maintenance and hull insurance, 
and both airlines would take out lia- 
bilitv and property damage insurance. 

The interchange agreement would 
allow Riddle’s aircraft to operate 
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1ATA agreement arc London, $450; 
Rome. S5S4. and Frankfurt, $525. 

California-! lawaiian's proposal is 
similar in that it will tailor its flights 
to the volume of business generated. 
The airline expects to provide a mini- 
mum service of two flights a week, pro- 
viding a pattern of 14- and 20-dav circle 
tours from Europe to the larger U.S. 


through services on both routes, with 
the transports controlled and operated 
by the carrier over whose routes they 
are being flown. Riddle is to be respon- 
sible for maintenance and hull insur- 
ance. and both airlines will take out 
liability and property damage insurance. 

Pan American charges that the merger 
would give Riddle unfair advantage bv 
eliminating trans-shipment and would 
effect a “major realignment” in the 
Latin American route pattern. The car- 
rier also says it has been seeking CAB 
permission for 12 yr. for route entry 
into the U.S. but had failed. 

Pan American filed an additional pro- 
test against the five Riddle-Aerovias eco- 
nomic agreements, charging that Riddle 
intended to implement them without 
CAB approval. The five agreements. 
Pan American says, constitute a "de 
facto” merger that prejudices the 
Board's decision and, if the formal 
merger proposal is denied, will leave 
the two companies so entwined that it 
would be hard to unscramble them. 

National Airlines, Trans Caribbean 
Airways. Delta Air Lines and Braniff 
Airways joined Pan American’s protests 
against the merger. All notified the 
Board that if merger is approved they 
would seek similar route advantages. 


Competitors Oppose Cargo Merger 
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999,000 BUSINESSMEN WILL READ THIS 
NEWS ABOUT LOCAL SERVICE AIRLINES * 
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SHORTLINES 


► Aeroflot, the Russian airline, has 
signed an agreement with United Air 
Lines providing single ticket service for 
passengers and cargo over the routes of 
both airlines. Connections to Moscow 
on Aeroflot's 150,000-mi. route system 
arc made at London, Paris, Copen- 
hagen. Brussels and Amsterdam. 

► Allegheny Airlines reports 135.000 
passengers have flown a total of 38.2 
million mi. on its commuter flights in 
the last IS months. Commuter flights 
are operated at first-class fare with pro- 
vision for inflight ticketing, simplified 
baggage handling and 40% discount 
for no-rcscrvation passengers. 

► I.incns Aercas TACA de Colombia 
(TACA) and Cinta Limitada (CINTA) 
of Chile have had their foreign air car- 
rier permits canceled by Civil Aero- 
nautics Board. The carriers, authorized 
to operate between points in their re- 
spective countries, the Caribbean and 
Miami, had not operated into the U.S. 

► Lufthansa will buy out Condor Luft- 
rccdcrei of Hamburg, a local airline, in 
November. Condor's two Convair 440s 
will be used to supplement Lufthansa 
and its subsidiary. Deutscher Flugdicnst. 

► Pan American World Airways reports 
the use of portable cargo containers 
fitted in place of unoccupied scats on 
turbojet transports. The containers 
weigh 122 lb., are collapsible and have 
a 48-cu.-ft. capacity. While Pan Ameri- 
can normally uses up to four, as many 
as twelve can be used to increase cargo 
capacity by three tons. 

► Philippine Air Lines has been recom- 
mended by a CAB examiner for a U.S. 
foreign air carrier permit authorizing 
service between Manila and San Fran- 
cisco. Calif., via Honolulu. Request for 
a Tokyo stop on the route was rejected. 

►Tasman Empire Airways. Ltd. of New 
Zealand has received temporary U. S. 
certification to operate between New 
Zealand, Fiji. American Samoa, Cook 
Islands and the terminal point, Tahiti, 
Society Islands, until June 30. 

► Trans-Texas Airways began Convair 
service between Houston and Dallas, 
Tex. and between Lake Charles, La. 
and Dallas Apr. 1 with the first three 
of 22 Convair 240’s bought from 
American Airlines. Two more will be 
delivered this month and will be oper- 
ated between Dallas and Little Rock, 
Hot Springs and Texarkana, Ark. 


AIRLINE OBSERVER 

► Boeing's cargo version of the 707-320B series turbofan-powered transport, 
which would carry an 82,000-lb. payload, is attracting serious airline interest, 
especially from Pan American and TWA. Major attraction is the promise 
of delivery in 1962. The airplane would be side-loaded, with cargo doors 
aft and forward of the wing, have a strengthened wing spar and heavier 
gage fuselage skin. Price of approximately S6 million— against S9 million 
for a swingtail version of the aircraft— has airlines now asking: "Is there 
anything fundamentally wrong with side loading?” These carriers feel that 
proper ground-handling equipment could make side loading as efficient as 
the swing-tail system. 

► Watch for the Assn, of American Airport Executives, at its Apr. 20 con- 

ways. Federal Aviation Agency has proposed a rale which would limit the 
takeoff gross weight of turbine-powered aircraft when slush stands more than 
0.5-in. deep. However, AAAE and the Air Transport Assn, prefer that FAA 
do the measuring. 

► Federal Aviation Agency may expand its research program on turbojet 
flight crew fatigue on the basis of initial medical findings made last year 
on a test group of flight engineers. FAA wants to include pilots and 
hostesses in a new study and is concerned that a progression of physical 
problems discovered among engineers who transferred from piston to 
turbojet aircraft duties may be directly related to the number of monthly 
duty hours permitted fliglit crews on’ the faster equipment. 

► Cunard Eagle Airways plans to buy two Boeing 707-420 turbojet trans- 
ports if its pending request for scheduled London-New York service is 
approved by the British Air Licensing Board. Although such flights would 
be directly competitive with British Overseas Airways Corp., Cunard officials 
arc confident the application will be approved within the near future. 
Delivery dates for the 707-420 have been set for 1962, as opposed to the 
1964 schedule proposed by British Aircraft Corp. for the VC-10 bypass- 
engine transport, which Cunard has been urged to buy for use on its pro- 
posed transatlantic route. 

►British Aircraft Corp. has dropped plans to produce its proposed VC-11 
medium-range jet in view of the success Boeing has had in selling its 727 
transport. BAC will concentrate its efforts on a new version of the short- 
medium-rangc Hunting 107, to be designated the BAC 111. The 111 
will be powered with two Rolls-Royce Spey bypass engines producing 9,450 
lb. thrust each. BAC will also continue to push its long-range VC-10 
bypass engine transport. 

► Convair is offering Swissair the use of two Convair 880M-22 medium- 
range jet transports on a lease basis to serve the airline's route to Tokyo 
during the peak summer traffic season because of delivery date postpone- 
ments for the longer-rangc 990. Lease offer, designed to help Swissair 
match jet competition on the route until arrival of the 990 late this year, 
was one of several suggestions made by Convair during a recent visit of top 
Swissair personnel to San Diego to discuss the delays. An airline spokesman 
said last week that a decision whether to accept the offer should be made 
by mid-April. 

► Federal Aviation Agency will conduct an industry-government conference 
June 6 on requirements for proficiency flight maneuvers. Purpose of the 
conference is to determine whether proficiency flight maneuver requirements 
for turbojet aircraft should be considered separately from those for piston 
engine aircraft. 

► Specially designed maintenance recorder will be installed by FAA in 
either a Boeing 707 or Convair 880 turbojet transport in an effort to 
determine what areas wear out first on airframes and engines. Device will 
collect and store data on effect of turbine inlet temperature, gyroscopic 
loads imposed during turns, wing movement in taxi operation and other 
subtle forces that affect safe life of an aircraft. 
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Bermuda Fosters Midwest Tourist Market 


By Glenn Garrison 

Hamilton - Tourist-supported island 
of Bermuda is feeling the impact of 
the jet transport, which travel people 
here regard as something of a mixed 
blessing. 

Jet service has brought Bermuda less 
than two hours from New York. But 
the jet also has cut times to other re- 
sorts in the Caribbean and Bermuda 
faces a loss of business to these once 
remote localities. 

As a countermeasure, Bermuda is 
making a strong effort to tap markets 
deeper in the United States. Bulk of 
this island's tourist business for many 
years has come from the middle Atlan- 
tic states and New England. New York, 
New Jersey and Pennsylvania account 
for 59% of the traffic, with New Eng- 
land contributing another 22%. 
Potential Market 

The area now attracting Bermuda's 
attention is the cast north central re- 
gion which includes Illinois, Indiana, 
Michigan, Ohio and Wisconsin. This 
area has provided only 8% of Ber- 
muda's business, but its new accessi- 
bility bv jet makes it a rich potential 
market for Bermuda. New airline sched- 
ules will offer a 7 a.m. departure from 
Chicago with arrival in Bermuda at 
12:30 p.m. Service is via New York, 
but the island’s trade development 
board is seeking direct airline flights 
from Chicago. 

The development board recently 
opened an office in Chicago to promote 
business in the Midwest. 

Reshaping of travel patterns by the 
time-cutting jet transports has even 
brought Hawaii and Bermuda into com- 
petition for tourist business. During 
the last half of 1960. Hawaii attracted 
more travelers from cast of the Missis- 
sippi than from the western U. S. This 
was cutting into Bermuda's territory, 
and the island's new promotional pro- 
gram is partly designed to counter this 
competition. The development board 
even sees California as a future market, 
and for the first time this year is adver- 
tising in a California magazine. 

90% Load Factor 

First jet service between New York 
and Bermuda was inaugurated in March, 
I960, by Pan American and its Boeing 
707-3 20s and Douglas DC-Ss operated 
with 90% load factor that month. 
1’anAm's jets cut into the piston and 
turboprop competition of Eastern Air 
Lines, British Overseas Airways Corp. 
and Eagle Airways of Bermuda. During 
two off-season months last year. East- 
ern's load factors on its DC-7B and 


Lockheed 1049G equipment dipped 
into the thirties. Eastern put DC-Ss on 
the run for a couple of peak season 
months but, being presently short of 
jet equipment, withdrew them. Plans 
are to re-introduce the jets this month. 
BOAC last month began dailv jet serv- 
ice with 707-420s. 

Load factors on Eagle's Viscount and 
Britannia turboproos held up well last 
vear in the face of jet competition. But 
Eagle had a unique advantage: it was 
not a member of International Air 
Transport Assn, and set its fare lower 
than the other carriers. Eagle's round- 
trip rate from New York is S85 tourist, 
whereas the other airlines charge S105 
propeller and SI 15 jet fares. 

However, Eagle joined IATA last 
Deccmber-reportedly under pressure 
from other carriers and to offset the 
threat of a fare-cutting war. Its new fare 
effective next week is S95, and depar- 
ture times from New York have been 
moved back from late afternoon to after 
9 p.m. This means arrival in Bermuda 
at a time approaching midnight. Eagle 
still has a fare advantage over the other 
carriers, but on Oct. 31 all of the air- 
lines plan to introduce special excursion 
fares good on certain days of the week 
through Mar. 16. These* fares are S95 
jet, S85 propeller. 

Operation of the evening flights is 
more economically suitable to Eagle 
than it would be to the other carriers 
because Eagle is Bermuda-based and 
no crew layovers are required. 


The airlines offered 161, 1S6 seats be- 
tween the U. S. and Bermuda last year. 
Figure for the first three quarters of the 
vear was 120,332, a total expected to 
increase to 159,372 this year. 

Arriving air passengers last year 
totaled about 100,000. Another 40,000 
visitors to the island arrived by cruise 
ship and about 12,000 came by regular 
ship. About 85% of Bermuda's air pas- 
sengers are from the U. S., about 1 1 % 
arc from Canada and approximately 2% 
from the United Kingdom. 

A major difficulty in selling to the 
midwestern area has been the problem 
of airline connections. Passengers from 
such cities as Chicago were usually faced 
with an overnight layover in New York. 
But now the jets and rearranged sched- 
ules make same-day sen-ice possible. 
Jets Cause Concern 

Some Bermudians view the advent of 
jets warily. They forsee a possibility 
that the character of Bermuda's tourist 
attractions could change drastically if a 
mass market were to descend on the 

"We don't subscribe to making Ber- 
muda a suburb of New York,” a trade 
development board official said. The 
average visitor to Bermuda stays seven 
or eight days and the possibility- of jet- 
loads of one-day visitors cluttering the 
island’s beaches makes Bermudians 
shudder. 

Recently, Pan American brought two 
chartered DC-8s to the island where 
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personnel of a New England company 
spent the day, touring the island and re- 
turning home the same night. The same 
company is thinking of running a simi- 
lar flight to London. 

But despite this possibility raised by 
Bermuda's closer proximity to the U.S., 
trade officials do not forsec a tourist 
traffic explosion such as is taking place 
in the islands south of Bermuda. Ef- 
forts will be made to keep Bermuda 
much as it is. Hotel beds through last 
year totaled 4,400; with the completion 
of a new hotel this summer, the total 
will be about 5.000. It is not expected 
to get considerabv higher. The new 
hotel is the first since 1930, with the 
exception of one new hotel that re- 
placed another destroyed by fire. 
Added Jet Service 

Another jet service to Bermuda will 
begin this month when Guest Aerovias 
Mexico puts de Havilland Comet 4s on 
the run between Miami and the island. 
These airplanes arc being provided by 
CMA Mexicans de Aviacion as part of 
an equipment consortium arrangement 
among Mexican carriers. 

Canadian traffic to Bermuda and the 
Caribbean will be offered new lowered 
fares on Trans-Canada Airlines' new 
Vickers Vanguard turboprops. Special 
excursion rates from Montreal 'Ottawa/ 
Toronto to Bermuda will cost as little as 
S99 round-trip economy, compared 
with S141 economy at present. From 
the Canadian cities to Barbados, 
round-trip economy excursion fare will 
be $199, down from S265. 

Airline seats offered between Canada 
and Bermuda totaled 9,479 for the first 
nine months of last year: the total this 
year is expected to be 9,554 for the 
same period. 


Full Passenger Load 
Carried on Tu-114 

Moscow— Aeroflot Tu-114 has made 
its first proving flight from Moscow to 
Khabarovsk with a full load of 170 pas- 
sengers-all officials and employes of the 
Russian aircraft and airline industries. 

The 4,300-mi. trans-Siberian run was 
made nonstop in slightly over 9 hr. 
The four-turboprop transport carried 
two complete crews which relieved each 
other every 2i hr. 

Soviet officials have again promised 
to open regular Moscow-Khabarovsk 
Tu-114 passenger service "shortly.” 
Such operations were first scheduled to 
begin in 1958. Latest missed target 
date for scheduled Tu-114 passenger 
flights was January. 1961 (AW Dec. 
26. p. 19). Tu-114s have made fre- 
quent Moscow-Khabarovsk proving 
flights carrying cargo and partial pas- 
senger loads. 
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Confidence counts and the airlines count on Sinclair 

45% of the aircraft oil used by major scheduled airlines in the 
United States is supplied by Sinclair. Military jets also count on 
Sinclair to supply Sinclair Aircraft Oil to lubricate their mighty 
engines. There. is no better proof of reliability. 
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SPACE TECH NOLOGY 


United Technology Builds Larger Booster 


By Russell Hawkes 

Sunnyvale, Calif.— Main theme in 
the plans for the future of United 
Technology Corp. is the development 
of immense, economical solid propel- 
lant space vehicle boosters at the com- 
pany’s $ '0-million research and devel- 
opment facilities here and at nearby 
Morgan Hill. Calif. 

The installation has grown so quickly 
and with so little fanfare that manv 
otherwise well-informed industry offi- 
cials are scarcely aware that it exists. 
Yet UTC President Lt. Gen. Donald 
L. Putt, USAF-rct., claims the facili- 
ties arc the most advanced in the solid 
rocketry business and are capable of 
handling the largest motors now pro- 
posed. 

The UTC staff has been in opera- 
tion for only two years. During that 
time UTC has been equipped and op- 
erated with money supplied by the 
parent-company. United Aircraft Corp. 
As yet, the corporation has had no very 
large contracts to reward this invest- 
ment and Gen. Putt concedes that it 
will be years before the returns equal 
the cost of the elaborate facilities. 
However, the sprawling development 
center near Morgan Hill is just reach- 
ing 100% operational status and this 
is expected to step up the flow of new 
business. 

At present. 80% of the research and 
engineering effort at UTC is devoted 
to the development of a family of large 
conical segmented solid propellant 
rockets as space boosters. The buyer of 
such a system could stockpile seg- 
ments beforehand and assemble them 


into a booster system optimized for the 
mission on short notice. 

In the future, UTC officials foresee 
that a large part of the company's capa- 
bilities will be used in the development 
of hybrid (liquid oxidizer and solid 
fuel) rockets. It is now building its 
first hybrid rocket and plans to fire it 
for the first time late this spring. 

According to the UTC design phi- 
losophy the boosters of space vehicles 
should be as inexpensive as possible, 
even at the sacrifice of technical 
sophistication. This philosophy is based 
on the assumption that the proper aim 
of a booster development program 
should be to make a rocket which will 
orbit the maximum payload per dol- 
lar. The history of rocketry in this 
country shows that an effort to get 
maximum sophistication always in- 
creases costs much more rapidly than 
it increases performance figures. In 
fact, some engineers have estimated 
that to improve the performance of 
any design by 5 % will increase its cost 
by 50%. In upper stages, such a ratio 
can be accepted because payload is very 
small compared with propulsion sys- 
tem weight and a minor reduction in 
the latter or a minor improvement in 
total impulse can increase payload by 
a respectable percentage. 

UTC scientists argue that this is un- 
true for the boosters because the weight 
of the upper stages and the payload is 
large with respect to the weight of the 
bottom stage. Therefore a minor in- 
crease in impulse or decrease in weight 
of the bottom stage will have a negligi- 
ble effect on the weight placed in orbit 
but will have quite a sizable effect on 


the cost of the system. Sheer size can 
increase the weight in orbit more eco- 
nomically than sophistication, accord- 
ing to their analysis. 

No exotic materials are to be used 
in the case or nozzle of the UTC coni- 
cal segmented motor and no ultra-high 
performance propellants will be uti- 
lized. UTC propellant research for the 
conical segmented motor has been di- 
rected mainly toward finding propel- 
lants with better physical properties 
and lower costs which can still ap- 
proach the specific impulse and density 
of current workhorse propellants. 

In the size range that most interests 
UTC. the “slump" of propellants un- 
der their own weight is a serious prob- 
lem. In the case of the butadiene pro- 
pellants. researchers are seeking better 
tear strength. If all efforts fail and no 
better physical properties can be cre- 
ated, UTC officials believe segmented 
rockets ran still be built to larger scale 
than conventional rockets. If a crack 
or other flaw develops in one segment 
it cannot propagate past the segment 
joint and only one segment need be 
scrapped rather than a whole booster. 
Conventional steels will be used in the 
conical segmented cases and insulator 
and linear materials probably will not 
be very unusual, though research is be- 
ing conducted in that field. 

Vehicle Cost 

About one-half to two-thirds of the 
cost of a solid propellant launch system 
is in the vehicle itself and the remain- 
der in ground equipment. Therefore, 
vehicle optimization pays larger divi- 
dends than in liquid propellant booster 
systems in which ground equipment ac- 
counts for the larger part of system 
cost. Contrary to much of the early 
thinking on the subject. UTC tech- 
nologists have concluded that the best 
place for liquid propellant rockets in 
space vehicles is in the upper stages, 
where maximum performance is more 
rewarding. Their operations analyses 
indicate that the cost per pound in or- 
bit of a system with liquid propellant 
upper stages may actually be about 
two-thirds of the" cost for" an all-solid 
launch system. According to their cal- 
culations, the lowest cost per pound in 
orbit for chemical rockets will be be- 
tween SI 20 and S200. 

Tlie dual purpose of the segmented 
rocket concept was to allow larger 
rockets to be transported by moving 
them in sections and to get minimum 
costs through the flexibility' of a build- 
ing block concept. The purpose of the 
UTC conical design is to enable seg- 
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Capabilities 

mented rockets to be built to the maxi- 
mum length, thereby increasing the 
range of flexibility in application. 

The segmented" rockets have internal 
burning grain designs, but unlike most 
conventional solid propellant rockets 
the hollow charge ports are circular 
rather than star-shaped. This is made 
possible by using variations in the de- 
sign of the propellant interstices at the 
segment joints to provide the extra ini- 
tial burning area usuallv provided by 
salients and slots in the star-shaped 
charge ports. 

Segment Size Limits 

UTC engineers estimate the limit on 
the length to which cylindrical seg- 
mented rockets can be built is set bv 
the fact that as hot gas flows down the 
charge port toward the nozzle it is 
constantly accelerated by the addition 
of more gas from the propellant surface 
over which it flows. When the gas 
flow passes Mach 0.4 or Mach 0.5 the 
result is erosive burning and instability. 

The conical design is intended to 
avoid erosive burning by increasing the 
cross-sectional area of the port to ac- 
commodate the increased volume of gas 
as it approaches the nozzle. The UTC 
engineers estimate this eliminates com- 
bustion problems as a limit on size. 
The next limit is imposed by the 
natural bending frequency of the rocket. 

When added length brings the bend- 
ing frequency close to the natural fre- 
quency of the control system, disastrous 
instability' results. When this limit is 
reached, the long rockets can be 
clustered to increase their stiffness. The 
effect of clustering is to increase the 
strength so much that the complete 
svstem is overdesigned with respect to 
the stiffness required. This, in turn, 
enables the designers to lengthen the 
rockets in the cluster. UTC engineers 
say cluster fittings add little inert weight 
to_ a solid propellant rocket because the 
750-psi. chamber pressures arc still the 
heaviest stresses the case must bear and 
relatively crude cluster fittings can be 
used to grip the strong, individual 
cases in the cluster. Another size 
limit is the estimate by UTC that 
conical segments become volumetrically 
inefficient at diameters near 20 ft. 

The cone angle of the UTC seg- 
mented rocket is much smaller than 
it appears in drawings and is scarcely 
visible. The cone angle for present 
designs is about two degrees. For 
larger rockets, the angle may prove to be 
even less and much smaller rockets may 
have cone angles as large as four 
degrees. The conical shapes will have 
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The Industry’s Strongest Record of 
PERFORMANCE and RELIABILITY 


In high-speed computers, control systems, guidance systems and many 
other critical military and industrial switching applications, Philco’s 
patented high-frequency Micro Alloy Diffused-base Transistors are 
used more widely than any other type. There are many reasons for this 
broad acceptance. Philco MADTs are available in a full range of types, 
each designed and produced to tight specifications for specific appli- 
cations. They are manufactured by Philco’s patented Precision-Etch* 
process on the world’s first fully-automatic transistor production lines 
. . . under rigid quality control. Philco MADTs have proved their 
outstanding performance capabilities and reliability in billions of 
transistor hours of actual field operation ... far more than any other 
type of transistor. 

There is a Philco MADT to meet your requirements . . . offering 
the advantages of cadmium junctions for cooler operation . . . low 
collector capacitance . . . low saturation voltage . . . high beta with good 
linearity . . . excellent frequency response . . . low hole storage time . . . 
and excellent temperature stability. 

Specify Philco MADTs with complete confidence. For full informa- 
tion on any specific type write Dept. AW41061. 'Trademark Philco Corp. 


very slight advantages in lower drag 
and greater aerodynamic stability. 

I he largest segments now contem- 
plated by UTC would weigh about 
100,000 lb. and have a diameter ap- 
proaching 20 ft. Many of the new pro- 
duction facilities at the Morgan Hill 
Development Center are designed for 
that size. As diameter approaches that 
size, volumetric loading efficiency 
drops. To go beyond that size the 
industry will have to find faster burning 

Engineers found the design of 
nozzles and other hardware for rockets 
this size much less difficult than antici- 
pated. Part of this is because nozzle 
wall thickness does not increase with 
size. Part of it also is due to the 
conclusion of UTC technologists that 
movable nozzle control systems have 
outlived their usefulness. 

UTC plans to use secondary injection 
of fluids into the exhaust downstream 
of the throat for thrust vectoring. They 
admit that the proper choice of fluids 
and the best injection device and 
direction have vet to be determined 
but they arc convinced that the 
technique will prove itself. The result 
should be a more efficient nozzle than 
the jetevators and swiveled and 
gimbalcd nozzles most often used in 
present solid propellant rockets of any 

Thrust Vector Control 

The principle of secondary injection 
thrust vector control is that blockage 
of the supersonic exhaust stream will 
create a diagonal shock wave which 
ideally should not intercept the oppo- 
site side of the expansion cone. Exhaust 
gas passing through the shock wave is 
deflected away from the injected fluid. 
Experiments have shown that the 
deflection of the thrust line is propor- 
tional to the flow rate of the secondary 
fluid. Engineers at UTC say they have 
found a valve with the precision 
necessary to meter the thrust vector 
fluid. They will accept delivery of 
some of these shortly. 

No problems are expected to arise 
when two valves arc opened to rotate 
the rocket about both pitch and yaw 
axes. Herbert R. Lawrence, s ice presi- 
dent in charge of engineering, reports 
that the shock waves arc additive in 
their effect and quite weak so that no 
troublesome instabilities arc set up. 
Nearly everything has been tried as a 
thrust vectoring fluid, including water, 
and everything worked to some extent. 
Good oxidizers such as nitrogen tetrox- 
ide seem to provide necessary exhaust 
deflection for a minimum expenditure 
of fluid because solid propellant rockets 
bum rich fuel and combustion in the 
stream increases the exhaust blockage. 
Another promising fluid is Freon. 
Lawrence reports that the weight of 


the single nozzle with secondary fluid 
injection thrust vectoring will be 
heavier than the four nozzle mechanical 
systems, but calls the difference minor. 

The best method of injecting the 
fluid is yet to be determined, but 
Lawrence is convinced that the least 
promising will show adequate power for 
the job. For the huge boosters pro- 
jected by UTC, a maximum exhaust 
deflection of 2.5 deg. will be sufficient 
because of their great inertia. A 5-deg. 
deflection would be enough for a 
Polaris-size missile or perhaps 8 deg. for 
abnormal launch attitudes. The com- 
paratively undeveloped liquid injection 
thrust vector controls which have been 
demonstrated experimentally have been 
able to deflect the thrust line 5 deg. 

In other experiments it has been 
shown that the power of secondary 
injection is between 1.2 and 1.8 times 
that of a jet with an equal propellant 
flow exhausting into free air. According 
to Lawrence, the main problem remain- 
ing for this type of thrust vectoring 
system is how' to minimize fluid con- 

UTC got into the segmented rocket 
business when National Aeronautics and 
Sparc Administration called for pro- 

C osals from industry for such a system. 

i response to the request, UTC 
designed and built the TM-4 series of 
test motors. The conical design was 
developed during the TM-4 program. 
The designers were generally satisfied 
with the performance of the TM-4 
series which enabled them to find 
the circumferential clevis joint which 
will characterize future UTC motors. 

The problems of sealing and insula- 
tion of the joints are obviously funda- 
mental problems for the segmented 
rocket concept. UTC officials say that 
the TM-4 scries has proven they have 
the solution to those problems. The 
weight of the joint and the extra insula- 
tion arc supposed to cut the mass ratio 
of the conical segmented rocket by 
about i%. The mass ratio of larger 
rockets now on the drawing boards is 
expected to be about ,SS or .90. 

Two other questions arc answered 
by the TM-4 program. It had to show 
how to burn propellant at the segment 
joints in such a manner as to minimize 
the amount of insulation needed on the 
case joint and demonstrate ease of 
assembly in the field. The latter point 
has an important bearing on the use- 
fulness of the concept and UTC 
engineers were pleased when the cir- 
cumferential clevis made it possible to 
assemble the TM-4 in only three 
minutes. The TM-4 comprised a seg- 
ment. a nose section and a nozzle 
but the tests seem to indicate that 
difficulty of assembly will not be a 
problem. 

Some TM-4 motors were allowed to 
burn at the propellant face in the joint 



Engineered 

Environment 


The cocoon is a masterpiece of Nature’s 
environmental engineering. It is insu- 
lated against heat and cold, waterproof 
and shockproof, and is equipped with a 
built-in air filtering system. 

As snug as a cocoon must be the pro- 
tection afforded delicate instruments 
that function in mobile equipment. This 
points up another AAF capability — 
"packaging” of mobile electronic check- 
out equipment. We have designed com- 
pact, four-wheel trailers used in check- 
out of the F-101 and B-58, and for the 
B-47 ERS system. For example, the 
B-58 checkout cart is designed to be 

and includes an AAF air conditioner to 
environmentally condition the installed 
electronic gear. Space-saving compact- 
ness is an outstanding design feature. 
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Says W. C. Mentzer, 

Vice President— Engineering. 
United A ir Lines: 


“BENDIX PROVIDES US AN EXCELLENT 
AIRPLANE BRAKE, PLUS DEPENDABLE FOLLOW-UP SERVICE” 


UNITE D AIR LINES 

January 9, 1961 


Mr. R. W. Whitesell 
Director of Marketing 
The Bendix Corporation 
Bendix Products Division 
South Bend 20, Indiana 

Dear Mr. Whitesell: 

In over a year of operation, the Bendix brakes on our 
DC-8's have been economical and dependable. 

Tour new design concepts have proved their worth in 
providing better performance. Tour segmented rotors 
have eliminated one of our chronic brake problems - 
rotor war page. By insulating all hydraulic packings 
from the heat sink, you have virtually eliminated 
brake leakage. Use of a heat shield around the brake 
lengthens wheel and tire life. 

Our pilots rate your brakes as smooth, dependable. 

The Bendix service department and its distributors 
give us excellent service. Including fast delivery of 
replacement parts when needed. 

In short, Bendix provides us with an excellent airplane 
brake, plus dependable follow-up service. 



Vice President 



The nice things Mr. Mentzer says about Bendix" brakes 
illustrate the feelings of commercial, military, and busi- 
ness aircraft people generally. 

Pilots will tell you that Bendix brakes provide safe, 
sure control. Maintenance men point out that they 


reduce turn-around time. Controllers like the fact that 
they give lower braking cost per landing. These advan- 
tages result from the superior designs and quality mate- 
rials developed by Bendix — world’s most experienced 
brake manufacturer. 


Bendix DIVISION South Bend, ind. 


and others had combustion inhibitors 
there. Heat flux into the case joint 
was not excessive either way. UTC 
engineers conclude that with inhibition 
the flame traveled far enough in its 
flow toward the wall to let it cool. 
Without inhibition, they say the flow 
of hot gas was away from the wall 
toward the center of the charge port 
and that this would minimize heating. 
UTC will probably let the propellant 
burn at the joint. This will allow it 
to control burning area more easily for 
such purposes as thrust on manned 
vehicles to prevent acceleration from 
exceeding human tolerances as the 
weight of propellant bums off. 

UTC technologists visualize conical 
segmented rockets with as many as 
eight or 10 segments but are only 
actively developing the two top seg- 
ments. called S-l and S-2. Lower 
segments become progressively larger 
and cannot be built without govern- 
ment funding. The S-l and S-2 seg- 

oflicials say that combined into a single 
rocket, they could lift a load approxi- 
mately equal to that of the Douglas 
Thor boosters now widely used in space 
projects. The S-2 is to have a 42-in. 
diameter nozzle throat. The S-l will 
be fired for the first time late this 
summer and the S-2 will be fired a 
month or two later. 

The terms used to describe some of 
the facilities at the 3,200-acre Morgan 
Hill site are illuminating. The so-cafled 
“small" above ground casting station 
is capable of making motors the size 
of a Polaris first stage. The large, 
in-ground casting and curing oven has 
a usable diameter of 20 ft., and a 
depth of about 50 ft. The Travelift 
hoist to lift the big segments from the 
oven and carry them around the facility 
will have a capacity of 120,000 lb. 
The doors into the large motor final 
storage building are 20-ft. wide and 
the storage bays arc 40-ft. long. 

The four “small” horizontal test 
bays at Morgan Hill are capable of 
handling motors developing 250,000 lb. 
thrust and each bay has a little vertical 
stand capable of handling smaller 
motors developing up to 20.000 lb. 
thrust. The large vertical test bay in a 
nearby box canyon is designed for thrust 
up to two-million pounds. Two more 
such bays are planned for future 
construction. The motor nozzles 
are to be pointed upward in the vertical 
solid propellant test stands and a 
collar and tether arrangement will be 
put around the nozzle throat to keep 
the nozzles from being launched into 

up on the stand. 

The development center has rela- 
tively standard 250-gal. and 150-gal. 
propellant mixers. It will take between 
22 and 29 batches from mixers of that 



THIS ASTRONAUT WILL BREATHE... 



THANKS TO A FAIRCHILD PRESSURE TRANSDUCER 


At the heart ot the Capsule Pressurization System, built by 
Garrett Corporation's AiResearch Division for the McDonnell 
Aircraft Corporation - as part of NASA'S Project Mercury 
Space Vehicle - is a miniature (1.75” Diameter) FAIRCHILD 
TPH-175, PRESSURE TRANSDUCER. It monitors the pressure of 
oxygen remaining in the storage tank under the most severe 

6 A duaUutput transducer: One output goes to the astro- 
naut's control panel, reassures him that plenty of oxygen is 
still available. The second output goes to the telemetering 
system for relay to ground control stations. 

Another example of how Fairchild draws on the engineering 
skills that make them the foremost manufacturer of high- 
performance precision sensing devices. 



Fairchild components . . . built and tested beyond the specs for Reliability in Performance. 
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Space-Age Project “ELECTRON” 



.ranging the fields of ultra-pure metals and 
“intermetallics”... finds new chemical routes 
to materials for advanced electronics 


Monsanto research in the chemistry of silicon, phos- 
phorus, ultra-fine metals and oxides, and “super- 
pure" elements ami compounds has found promising 
leads to improve seniiconductors. These materials — 
developed by the synergistic collaboration of solid- 
state physicists, inorganic chemists, and physical 
chemists— forecast improved performance of transis- 
tors, photoconductors, thermoelectric generators and 
coolers, solar batteries, rectifiers, thermistors and other 
electronic applications that depend upon the tract- 
ability and mobility of electrons moving through 
special composition solids. 

Monsanto researchers, from a firm base in the com- 
mercial production of semiconductor silicon (under 
Siemens-Westinghouse license), have found a number 
of intriguing leads to new and improved semiconduc- 
tor materials suitable for transistors, rectifiers, diodes, 
thermoelectric coolers and generators, and Hall-effect 
devices. 

Since the middle 50’s — the burgeoning uses of transis- 
tors, diodes, rectifiers, as well as thermoelectric, photo- 
electric, and servo devices, have kept chemists on a 
dogged search for substances with a given quantum 
of mobile electrons that would behave predictably. 
To the "armchair chemist” the semiconductor problem 
might look deceptively simple: check out a relatively 
few elements and compounds, purify them highly, 
dope them in the order of 1 :10,000,000 with an element 
from another periodic group to provide the proper 
n or p type conductance; and grow into crystals. 

A minimum of experimentation, however, would 
quickly establish that the chemistry of preparing the 
super-pure materials and uniformly doping them to 
produce n-type and p-type semiconductors is one of 
the most intricate problems that inorganic and phys- 
ical chemists have ever tried to solve. Not the least 
of the problem is that no reliable method has been 
developed to predict the energy gap; all possible 
combinations and proportions of candidate elements 
have to be prepared and the energy gap determined 
empirically! 

In attacking this whole problem of semiconductor 


materials for advanced electronics, Monsanto research 
is focused on the following four areas of study; 

1. PURITY IMPROVEMENT... 

of “III-V” semiconductor compounds by at least one 
or two orders of magnitude over best purity yet avail- 
able; and, concomitantly, studies of new techniques 
for converting these high-purity compounds into single 
crystals. When completed, a variety of new and im- 
proved electronic devices can be developed with these 
high-purity materials. 

2. “SPOT” SYNTHESIS AND SCREENING... 

of candidates in numerous classes of compounds for 
organic semiconductors — compounds where structural 
concepts point to the compounds’ ability to shift elec- 
trons. (In organic semiconductors, too, uniformity and 
purity are vitally important.) 

3. NOVEL CHEMICAL PROCESSES... 

are under intense study for the preparation of com- 
pounds of group “II-VI” type semiconductors. 

4. NEW INORGANIC SEMICONDUCTORS... 

i.e. gallium and indium arsenides are now available 
for research and development. Doping of gallium arse- 
nide is in progress. 

A major purpose of this semiconductor chemistry 
research is to find materials with greater reliability 
over a wider temperature range, the ability to function 
at high temperatures, and variously with improved 
electrical, photoelectric, thermoelectric, magnetic, and 
photoconductance properties. By intensifying— chemi- 
cally— the electronic property sought, improved de- 
vices based on these properties will become feasible. 
In collaboration with electronics manufacturers, the 
materials now on the horizon will serve in telemetry, 
automation monitoring devices, guidance computers, 
ignition systems, and communications equipment. 
These materials will also open the door more widely 
for increasing the efficiency of thermoelectric power 
generation, thermocooling devices, and photoelectric 
power generation. Promising leads are under study in 
“III-V” semiconductors of indium, gallium, and boron 
phosphides;* in new "II-VI” compounds and others. 

(Please turn page.) 


THE BROADENING SPAN OF 
CHEMISTRY FOR ELECTRONICS 

Monsanto researchers have already produced a variety 
of unique materials chemically tailored for the par- 
ticular needs of electronic engineers. These materials 
range from liquid dielectric coolants for “packaged” 
units to singularly pure, reliable-performance large 
crystals of meticulously doped silicon. Many more, 
however, like the following, are in various stages of 
development: 

‘•lll-V" INTER META LUCS . . . 

prepared by Monsanto Research include polycrystal- 
line indium arsenide (now used in Hall-effect devices 
such as watt-meters) and both single-crystal and poly- 
crystalline gallium arsenide for tunnel, parametric, 
switching, and Zener diodes. 

DISPERSION-STRENGTHENED NICKEL AND 
COPPER METAL AND METAL POWDERS... 

are under study for corrosion-resistant electrodes, 
electrical contacts, and as high-strength, high-temper- 
ature core leads for electronic tubes and apparatus. 


Monsanto Space-Age 
Projects tor Government 
and Industry 

* High-Temperature Hydraulic Fluids 

* Coolant-Dielectrics for Electronic 

Equipment 

* High-Temperature Plastics 

* Improved Nitrogen Oxidizers for 

Solid Propellants 

* Fire-Resistant Structural Plastics 

* Hydrocarbon Fuels for Jets and Missiles 

* Fire-Resistant Hydraulic Fluids for 

Ground-Support and Missile- 
Launching Equipment 


HIGH-STRENGTH CERAMIC ENVELOPES... 

for vacuum tubes using specially developed fine mixed 
metallic oxides. 

SEMICONDUCTORS AND SPECIAL 
COMPOUNDS FOR ELECTRONICS . . : 

another chemical capability of Monsanto. 

If your work requires special semiconductor materials; 
ultra-finely divided metallic oxides; electronic coolants; 
high-temperature potting compounds; or high- 
strength, heat-resistant conductors — you are invited 
to take advantage of Monsanto’s explorations and ex- 
perience in these fields. Write or call: Monsanto 
Chemical Company, Department AV-3, C Building, 
St. Louis 66, Missouri. 


* Radiation-Resistant Heat-Transfer 

Fluids 

* High-Temperature Lubricants and 

Additives 

* Radiation-Resistant Reactor Coolant- 

Moderators 

* Intermetallic Semiconductor Materials 

* Pure Silicon for Transistors, Rectifiers, 

Diodes 

* Ultra-Fine Metal Oxides 

* Materials for Vibration Damping 
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size to fill the big motors to be made 
in the large in-ground oven. A large 
segment can be cast in about one day. 
Two medium-size ovens at the devel- 
opment center will handle motors up 
to 14 ft. in diameter. 

There are also liquid propellant 
rocket facilities at the development 
center but the largest test stand is 
designed for a limit of 50.000 lb. 
thrust and has plumbing adequate for 
500-sec. firings. This stand will be 
used in hybrid rocket tests scheduled 


rich oxidizers are expected to put hybrid 
specific impulse up around 500 sec. 
UTC interest in hybrids is primarily 
for big booster applications and this 
will probably dictate early interest in 
more conventional oxidizers and rubber 

Interesting solid propellant research 
at UTC includes a plan to produce 
propellant grains of spherized pro- 
pellant capsules. 

NASA Asks for Bids 
To Build Simulator 

Washington— Construction industry 
is being asked to bid on a two-phase 


prograi 


:sign a 


mild a 


and dynamic test chamber at 
National Aeronautics and Space Ad- 
ministration's Coddard Space Might 

Bids for the job, expected to cost 
$7.5 million for construction and 
equipment, arc due Apr. 10. Design 
phase will begin when the contract is 
awarded and will be completed by 
August, and construction of the dual 
facility must be completed by Oct. 51. 
1962.' Contract for instrumentation 
will be awarded in a separate coinpeti- 

The system will consist of two vac- 
uum chambers, each with a 50-ft. by 
40-ft. test section able to accommodate 
weights up to 40,000 lb. Space environ- 
ment simulator chamber will have a 
vacuum pressure of 10‘" mm. of mcrcurv 
following a 24-hr. pumping cycle. Pres- 
sure of 10 - ” mm. of mercury must be 
attained in four hours. 

Diffusion pumping will be done by 
25 52-in. pumps, and provision will be 
made for cryogenic pumping to control 
wall temperatures from — 150F to 
212F. 

Specifications call for a solar simu- 
lator with a plus or minus uniformity 
of 10% and 8 deg. coll filiation. In- 
tensity range variation will be from 0.5 

Instrumentation will include a mass 
spectrometer. 100-channel tape re- 
corder. 100-channcl analog to digital 
computer, and 400-channel data 




TO SUBMARINES . . . 

Aerotec components have proven 
their reliability under all service 
demands. This reliability results from a 
background of 16 years’ experience 
in the design, development, and 
production of equipment to exacting 

Use Aerotec’s capabilities for the 
answer to your specific requirements. 

Send details of your problem for 
our recommendations. Write us now. 

Our representatives are conveniently 
located for prompt liaison and service 






TTOTfC /A«7t/Sr/7/£S, //VC. 


C. CHOWN LIMITED, Monlrc 


AVIATION WEEK, April 10, 1961 





AERONAUTICAL ENGINEERING 



Glass-Fiber Blade Boosts Endurance 70% 


Experience Factor 

Kaman’s experience with the blade 
design and development program, plus 
the company's other work with glass- 
fiber parts for production helicopters, 
is expected to feature heavily in its 
entry in the Army Light Observation 
Helicopter competition (AW Mar. 6, 

p. 26). 

Key to the strength of the rotor 
blade is 3M Scotchply cloth, made by 
Minnesota Mining and Manufacturing 
Co., which has unidirectional fibers. 
This cloth has parallel filaments, is 
about 70% glass, and has an ultimate 
tensile strength of about 75,000 psi. 

In addition to the high absolute 
strength of this particular fabric, there 
is a major advantage in being able to 
tailor the relative strength of a rotor 
blade by orientation of the fabric. A 
structure can be fabricated to show 
maximum resistance to tension loads 
at one portion and to torsion at an- 
other, with optimum distribution of 
stresses between. 


expansion of the flight envelope, so a 
i-in. steel plate was added to increase 
the endurance limit. 

Differences in modulus of elasticity 
between the steel doubler on the glass- 
fiber cheek on the maple cheek plate 
made this three-way composite design 
undesirable, so the designers specified 
a change to a i-in. Scotchply plate re- 
placing the steel cap. Besides making 
a more compatible structure— the mod- 
ulus for glass fiber is about that of 
wood— the endurance limit was in- 
creased by almost 40%. 

Then l-in.-thick side walls were laid 
up of glass fiber to reinforce the core 
timber, but keeping the original dimen- 
sions of the root section. With this 
fiber tube in place, the core timber was 


This is the case with the Kaman 
H-43 rotor blade. There are two highly 
stressed blade regions: the retention 
area at the root, and the torsion area, 
lying between the blade’s servo flap 
and the root. 

One major reason spurring develop- 
ment of the glass-fiber blade was ex- 
tension of the flight envelope for the 
rotor system. The intermeshing Flett- 
ner-type rotor had to increase its load- 
carrying capability considerably as the 
helicopter itself grew through the 


GLASS-FIBER ROTOR BLADE lias been developed by Kaman and is being flight-tested on 
an H-43B helicopter. Blade is completely constructed of 70% glass liber, with structural 
properties of the spar tailored to match the stress conditions. Section aft of the spar is 
""-Structural, duplicating geometry of standard composite blade used on H-43 scries. 


By David A. Anderton 

Bloomfield, Conn.— An all-glass-fiber 
rotor blade is being flight-tested on an 
H-43B helicopter here as part of a de- 
velopment program by Kaman Aircraft 
Corp. to improve blade fatigue resist- 
ance and reduce fabrication costs. 

Next step in the program will be tech- 
nical evaluation by the U. S. Air Force, 
which the company hopes would lead to 
production of the blade and retrofitting 
of H-43s already in service. 

The new glass-fiber blade, flying as 
one of the twin intermeshing rotors of 
the H-43 series, is identical in dimen- 
sions and physical properties to Ihe 
other composite blade fabricated from 
laminated spruce and maple. But it 
shows a 70% higher endurance limit 
than the standard blade, and in pro- 
duction would cost substantially less. 


H-43A to the B model now in produc- 
tion. Increased loads meant higher 
stresses on the blade, and it was quite 
obvious that existing composite blades 
would need strengthening, if not com- 
plete redesign. 

So step by step a new blade design 
evolved from additions to the com- 
posite blade and parallel development 
of structural components by Kaman 
engineers. They' first tackled the prob- 
lem of the retention area, reinforcing 
the grip area with a I-in. thick pre- 
moldcd check added to top and bottom 
of the maple cheek plate. 

Purpose of this reinforcement was to 
increase the vibratory flatwise bending 
capability. 

Phis was not enough to handle further 
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NEW DEPARTURE PRODUCT INFORMATION 



A BRITE NEW IDEA BY NEW DEPARTURE 


BRITE-GARD SUPER FINISHING FOR 

There's a big difference in New Departure Ball 
Bearings ... a difference you can see at a glance. 
It's new super-polished Brite-Gard finish . . . available 
only from New Departure! 

Brite-Gard is another shining example of New Depar- 
ture's policy of passing on to its customers significant 
bearing developments. Brite-Gard treated bearings... 
with smoother surfaces and corners... are less suscep- 
tible to the adherence of dirt. They are more resistant 
to corrosion from handling, too. Furthermore, 
Brite-Gard gives you bearings of optimum appearance. 


SUPER PRECISION BALL BEARINGS 

Brite-Gard is now available on all N/D super precision 
grade ball bearings— at no extra cost. 

Moreover, New Departure offers other customer 
services. Why not invite the local New Departure 
Sales Engineer to participate in your next early design 
discussion? He is a fully qualified graduate engineer, 
backed by more than 50 years of ball bearing engi- 
neering and manufacturing experience. His design 
recommendations may save you time and money. 
Or write New Departure, Div. of General j 
Motors Corporation, Bristol, Connecticut. 
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removed because it no longer was pri- 
mary structure. Result: a bending en- 
durance of ±45,000 inch-pounds, 3054 
higher then the maximum measured 
moments during the high-speed flight 
regime. 

While the redesign of the root sec- 

remaking the torsion section. The orig- 
inal composite blade spar, made of 
spruce and maple laminations, was cap- 
ped with a leading edge of 0.01 S-in. 
stainless steel to protect against erosion 
and to take a portion of the bending 
and torsion loads. By wrapping one 
layer of woven glass fiber around the 
leading edge, the endurance limit was 
boosted substantially. This C-shapcd 
wrap and the stainless steel leading 
edge cap were replaced by a six-layer 
D-wrap which further raised the endur- 

Final step was to replace the D-wrap 
with a complete D-shaped spar section 
fabricated of a 10-layer Scotchplv nose 
section bonded to a 1 5-laver glass- 
fiber vertical web. The timber core was 

With both the retention and torsion 
areas completely redesigned to use only- 
glass fiber, the logical next step was to 
do the entire blade that way. These two 
sections were incorporated in a new 
blade design which added to them an 
all-glass-fiber trailing edge section, 
duplicating geometrically each struc- 
tural element of the old composite 
blade in glass fiber. This was the final 

Testing of the design followed the 
standard pattern of whirl and flutter 
tests and loads up to +3g and — 0.5g. 
Endurance limit at 30 x 10" cycles was 
determined to be ±3,600 inch-pounds. 
70% higher than the composite blade. 

The finished blade is translucent be- 
hind the spar and the characteristic 
greenish color of laminated glass fiber 
on the spar. Color pigments can be 
used during fabrication so there is no 
need for supplementary finishing. 

Kaman’s experience with glass-fiber 
parts is not confined to blade sections. 

turcs of the IIU2K-1 Scaspritc heli- 
copter arc made from the material. But 
the rotor blade is currently the best 
example of the use of glass fiber tailored 
to do a specific job and to produce 
better results for less money. 

There are many advantages to using 
glass fiber for part production, and 
these have been enumerated many 
times previously. The low cost of tools, 
the adaptability of the processes to low- 
cost production for quantity runs be- 
tween prototype and all-out produc- 
tion, and casv repair in the field have 
all been cited. 

But there are some drawbacks. 
Kaman designers say there is a need 
for standards for raw materials, and 


that quality and physical parameters 
can vary considerably if not carefully 
watched. Precise control of the lamina- 
tion or bonding processes is required 
because the strength of finished parts 
depends largely on the processing. 

Cleanliness is essential in fabrica- 

ning and operating a production facil- 
ity. There may be need for premium 
pay, protective clothing and extra wash- 
up time because of some of the chemi- 
cal substances used in the processes. 

But with special attention paid to 
quality control, and with the knowledge 
and imagination available m designers. 
Kaman feels that glass-fiber parts are 
the best answer to high-volume produc- 
tion of components. 

Superheating Reduces 
Skin Friction Drag 

Major reductions in skin friction drag 
of a hydrodynamic body have been 
achieved in tests at Conva’ir Division of 
General Dynamics' Scientific Research 
Laboratory. San Diego, Calif. 

A superheated graphite body was 
towed underwater at 20 fps. 'Hie reduc- 
tion in skin friction drag, caused by the 
lubricating layer of gas formed by con- 
tact of the hot body with the water, 
amounted to more than 90%. 

The superheating technique is one 
of several methods that could be used 
to achieve the same results. The gas 
could be bled from the leading edge 
of the underwater vehicle to form the 
lubricating envelope, or the leading edge 
could be made of Some material that 
would react with water to produce both 
heat and vapor. 

This approach is an extension of 
techniques which have been tested ex- 
perimentally on surface vessels. Rus- 
sian engineers hare reported significant 
reduction in the friction drag of boat 
hulls by bleeding high-pressure, super- 
heated steam through orifices at the 

Parallel technique lias been suggested 
as one method of reducing the skin- 
friction drag in hvpcrsonic flight regime 
(AW Eeb. 6. p. 23). National Aeronau- 
tics and Space Administration tests re- 
port up to 60% drag reduction by 
injection of helium into the boundary 
layer of a test model at Mach 3. 

Convair tests were made with a 
graphite shape 1-ft. long and H in. in 
diameter. The graphite model was 
heated to 2.000F before immersion in 
the towing tank. 

Applications of the technique could 
be made to cither a purely hydrody- 
namic body, such as an underwater 
missile, a torpedo or a submarine, or to 
a vehicle that traveled only part of its 
trajectory in the water, such as the 
Polaris missile. 


•i 

PUMP 
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PRIMERS 


HIGH PUMP RELIABILITY 
IN SEVERE ENVIRONMENTS 



the diameter, length and speed ot the 
pump elements to secure wanted ca- 
pacity. In addition, the porting of this 
type of pump is completely flexible in 
location, making for ease of fitting 
adaptability to the available space 
and geometry of the engine structure. 

W. H. NICHOLS CO. 

Makers of Zenith Metering Pumps 
"the miller that uses its head". 

48 WOERD AVE.. WAITHAM 54, MASS. 
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THEY RELY ON RADIATION’S 
AUTOMATIC TEST EQUIPMENT 
TO PIN-POINT “LITTLE” TROUBLES IN BIG SYSTEMS 


Locating the single faulty component or circuit in an ad- 
vanced electronic system can be expensive— in time, money, 
and mission success. Putting its finger promptly and auto- 
matically on these “little” sources of trouble is one of the 
unique capabilities of Radiation’s Automatic Test Equip- 
ment-Model 301. 

Whatever electronic systems it supports— missile guid- 
ance, flight, computers, or industrial process control— 
Model 301 takes the trouble out of trouble-shooting, check- 
out and calibration procedures. Model 301 utilizes thor- 
oughly proved, readily adaptable standard building blocks. 
Systems can he tailored reliably and economically to each 

Typical features available in Radiation’s Automatic Test 
Equipment include: maximum testing speed in direct keep- 
ing with speed capabilities of the system under test; ability 
to maintain a constant check on its own functional ac- 
curacy while testing is in progress; test routine and test 


70 


tolerances variable by operator as required; completely 
flexible data storage, programming and resolution; com- 
prehensive published reliability data on all standard build- 
ing blocks. 

Radiation’s exceptional capabilities are serving both 
industry and the Armed Forces in a broad range of ad- 
vanced electronic applications. If you would like to know 
Radiation’s capabilities in an area of specific interest to 
you, or would like complete information on Model 301, 
write to Radiation Inc., Dept. AW-4, Melbourne, Florida. 
Radiation’s plants are at Melbourne and Orlando, Florida; 
Palo Alto, California; and Philadelphia, Pennsylvania. 


I RADIATION 


Army Seeks Helicopter Overhaul Savings 


Ft. Worth, Tex.-Good mai 
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craft st 


with careful 
..... member of the 
anufacturer's engineering department 
to ensure that detail design work is ex- 
act and correct from the first lines 
drawn on paper, Lt. Gen. William 
B. Bunker, commander, U.S. Army 
Transportation Materiel Command, 
told local American Helicopter Society 
members here. 

Minor detail design errors, rather 
than mistakes on the part of the chief 
engineer, arc largely responsible for 
keeping TBO (time between overhaul) 
periods down and ensuring that they in- 
crease at an “agonizingly slow pace,” 
Gen. Bunker stated. lie said that de- 
signers should bear in mind during 
their original thinking in a new aircraft 
design for Army that 1.200 hr. before 
overhaul of time-change components is 
the goal to shoot for at the start, rather 
than an achievement to be accomplished 


craft e: 


c four < 


five 

s operational si 


i after the a 


Spares Problem 

Army experience in the past as re- 
gards spares requirements for mainte- 

be so erratic as to preclude capability 
of predicting with certainty spares pur- 
chasing needs, Gen. Bunker indicated. 

based on your need predictions and then 
the TBO experience turns out more 
favorable than considered, then I’m 
stuck with this inventory." he noted. 

In some instances, statistics indicate 
that component reliability records 
show such a marked scatter, that for all 
intents and purposes Army might as 
well buy on a pull-and-rcplaee concept 
rather than attempt to stock everything 
needed to be safe, and economically 
this appears to be highly unfeasible. 


Example of Savings 

As an instance of how increasing 
time between overhauls of major com- 
ponents can result in marked saving of 
Army dollars he noted that the HU-1 A 
costs an estimated S200 per flving hour 
on current 300-hr. TBO, If it attains 
the goal of 750 hr. considered for Janu- 
ary, 1962, costs will be down to S8 
oer hour and if it reaches the 1,000-hr. 
TBO mark considered for January, 
1963, costs will be down to S6 per fly- 
ing hour. 

A means of cutting maintenance 
costs and increasing safety by develop- 
ment of an aircraft “self-maintenance” 
program was mentioned by Gen. 
Bunker. Basically, the concept would 
entail installation of electronic equip- 


ment in Army aircraft. Sensors would 
record vibration, temperatures and 
other parameters on major components, 
much along the lines of engine analyzer 
systems which have been useful in 
spotting incipient problems in flight. 
This permits replacement prior to their 
becoming a safety hazard or at a time 
convenient to maintenance personnel. 

Geii. Bunker noted that this so-called 
"alarm” plan is now being studied in 


breadboard form for an HU-1. Cur- 
rently under study is the number of 
pickups desired. Army plans to have 
an operational svstem rcadv for instal- 
lation on all IlU-ls in 1962. The pro- 
gram calls for data to be transmitted to 
the ground to cut down in-flight black- 
box weight and size. Such a system is 
envisaged as eventually eliminating 
need for current formal time-between- 
ovcrhaul requirements. 



'he Hours Here 
Are The 
Most Critical 


should add a fifth Airwork ex- 

nal factory requirements. Air- 
k overhauled engines are cco- 
lical because you save on oper- 
g costs. Can we send you 



BRANCHES In, 
WASHINGTON 

NEWARK • MIAMI • ATLANTA 
CLEVELAND • NEW YORK 
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PRODUCTION BRIEFING 



Genisco has always led in the development of new equipment to 
meet the new problems of acceleration encountered by the aircraft, 
missile, and electronics industries. For this reason alone, engineers 
and scientists have for many years selected Genisco's high quality, 
rugged centrifuges, rate-of-turn tables and other test instruments 
to predict ahead of time the performance characteristics of proto- 
types and production models. Genisco's lines of centrifuges range 
from rugged, servo-programmable, pro- 
duction test units to ultra-precise, inertial 
guidance calibration equipment accurate 
to 1/100,000 of a G. Genisco, Inc. 

2233 Federal Ave., Los Angeles 64, Calif. 



Western Electric Co. lias received 
two Army contracts totaling S6.200.000 
for work to be performed on the Nike 
Hercules missile system. The first 
award for $5 million covers production 
of ground equipment, the second for 
$1.2 million is for production of missile 
test equipment. 

Wyle Laboratories has received a 
S40.710 contract from the George 
C. Marshall Space Flight Center for 
a high-accuracy flow meter for use with 
liquid hydrogen. The work will include 
a study of the state-of-the-art in in- 
strumentation for mass flow measure- 
ment, with a resulting modification of 
available instruments to provide ac- 
curate and reliable measurements for 
liquid hydrogen. 

General Tire & Rubber Co. has been 
awarded a production contract by Mc- 
Donnell Aircraft Corp. to manufacture 
the main landing gear wheel, brake and 
tire, nosewheel and nosewhecl tire for 
the F4H-1 Phantom. 

Air Research and Development Com- 
mand at Andrews AFB has been 
awarded a SI 50,000 contract from the 
Marshall Space Flight Center in sup- 
port of Saturn studies being conducted 
py Convair-Astronautics. The funds will 
cover additional studies and preliminary 
design of the S-V stage for the Saturn 
C-l vehicle. 

Bendix Corp. has authorized con- 
struction of an advanced type of space 
chamber and associated equipment for 
environmental tests of satellites and 
space systems. The facility will be 
capable of testing full-scale satellites 
under rigorous conditions of heat, cold 
and vacuum. Present backlog of orders 
for Bendix is 5475 million. 

Chrysler Corp., Missile Division, has 
received a S79.220 contract from the 
Marshall Space Flight Center for a 
study of corrosion and corrosion preven- 
tion in the Saturn rocket. The study will 
entail location of all potential corrosion 
areas, an evaluation of the effects of 
corrosion on the operation of various 
components, and an evaluation of pres- 
ently used or proposed protective treat- 


Texas Instruments' Apparatus Divi- 
sion. Dallas, Tex., has been awarded 
two contracts exceeding S600.000 total 
by Minneapolis-1 lonevvvell for elec- 
tronic flight controls for USAF-Martin 
Titan and Chance Vought Scout. 
Titan contract calls for production of 
a transistorized package that controls 
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12 different flight functions within an 
accuracy of 0.006 sec. Earlier models 
of the subsystem have been used on 
long-range Titan flight tests. The Scout 
system will use new logic design but 
the basic techniques employed in the 
Titan package will be applicable. 

Mclpar, Inc., has been awarded a 
SI. 7-million Navy contract to produce 
two operational flight trainers for the 
A4D-2N weapon system. The devices 
simulate the full weapon capability of 
the aircraft as well as emergency situa- 
tions and instrument flight conditions. 

Chicago Aerial Industries, Inc., has 
received two defense contracts totaling 
more than S2 million. Major item is a 
SI. 5-million order for an undisclosed 
number of aerial reconnaissance systems 
for the FSU Crusader. Second order, 
in excess of S 500,000. calls for delivery 
of hlade trackers to all Navy helicopter 
bases. The blade tracker is a safety de- 
vice that balances and positions rotor 
blades, eliminating blade failure. 

General Electric Co. has received a 
contract in excess of $3 million from 
the Vcrto! Division. Boeing Airplane 
Co., for 50 helicopter gas turbine en- 
gines. 'The engine, GE's CT58-1 10, is a 
commercial counterpart of the military 
T58-8 turboshaft povverplant. 

Safe Flight Instrument Corp., White 
Plains, N. Y.. will provide KLM Royal 
Dutch Airlines with its SCAT visual 
flight control svstem for installation in 
a Douglas DC-S. The SCAT svstem 
(AW Oct. 17. p. 92). will be evaluated 
on both training and operational flights. 



NEW TRANSISTORIZED OSCILLOSCOPE 


Ortholog Division of Gulton Indus- 
tries, Princeton (unction. N. J., has de- 
veloped an analyzer which can reduce 
missile flight data while in flight. Re- 
cently tested aboard an Armv Research 
rocket fired from White Sands, N. M.. 
the Ortholog vibration and acoustic an- 
alyzer handled five channels of wide- 
band data, reducing it to final form si- 
multaneously with the flight of the 
missile. 

Air Force Missile Test Center, Cape 
Canaveral, Fla., has replaced its IBM 
709 computer with the faster, more ver- 
satile IBM 7090. Computer will be used 
for data processing and impact predic- 
tions on Atlantic Missile Range 
launches, as well as collating data on 
satellite ephemerides (tracks). 

U. S. Army accepted delivery of first 
complete Sergeant industrial production 
system from Sperry Rand Corp., Salt 
Lake City, Utah. The production ver- 
sion will be used at Redstone Arsenal, 
Ala., for training missilemen. 


Tektronix Type 321 This portable electronic tool operates any- 
where— on its self-contained batteries, on external 1 1.5 to 35 volts dc, and on 1 17 
or 234 volts from 50 to 800 cycles. Its dc-to-5 me frequency response and com- 
patible companion features are adequate for field measurements and waveform 
observations in complex electronic equipment. 

The Type 321 weighs only 1 3 Vi pounds without batteries— less than !7pounds 
with rechargeable cells. It measures only 8(4" high, 5!4" wide, 16* deep, has built- 
in battery charger. Your Tektronix Field Engineer would like to demonstrate this 
convenient oscilloscope in your applications. Call him today. 
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ARMY 


Scientific and engineering groups at Thiokol, func- 
tioning as part of the Army Ordnance team, have 
developed propulsion systems of total reliability for 
a wide range of military requirements. Motors for 
Lacrosse, and for the developmental Sergeant and 
Pershing, the modern field artillery— powerplants for 
the Nike Hercules and Nike Zeus, defenders against 
air borne and ballistic missile attack . . . these are 
products of the joint Army-Thiokol effort. Additional 
capabilities for Army’s advanced thinking are pro- 



vided by other Thiokol Divisions. Utah, for large engine production — RMD, for sophisticated 
liquid systems — Elkton, for diversified special motors. 

Experiences gained through their development . . . basic laboratory research into high energy 
fuels and materials, new processing and evaluating 
methods, automatic production and quality control 
techniques, the most advanced and fluid research and 
manufacturing facilities ... all have added immeasur- 
ably to the progress of Rocketry, U.S.A. All can be 
brought to bear in the most challenging future proj- 
ects of the space age. 


THIOKOL 


THIOKOL CHEMICAL CORPORATION, Bristol, Pennsylvania 
Rocket Operations Center: Ogden, Utah 
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IN AIR NAVIGATION 



ITT ACTS WELL 
OF 


ITT in 1907 

developed the! 

equi-signal 
radio range— f 
basis of today's, 
instrument ^ 

HRinB 


DIME • TACAN • VORTAC 
ITT’S ANSWER TO MANY 
OF TODAY’S TRAFFIC 
CONTROL PROBLEMS 

Just five years after the famous 
Wright brothers’ Kitty Hawk 
flight, ITT started in avionics. 

With such a heritage in 
air navigation it is no wonder 
ITT developed DME — 
distance measuring equipment 
which provides pilots with 
distance accuracy of plus or 
minus two-tenths of a mile, 
yet weighs only 35 pounds. 

ITT’s DME aboard today’s aircraft 
tunes to any DME, VORTAC 
or TACAN ground station 
for continuous distance information. 
The development of VORTAC 
and TACAN, the civilian and 
military rho-theta systems, is an 
ITT achievement typical of 
its great capabilities in avionics. 

Now even greater resourcefulness 
is attainable through the 
fusing of two divisions to form 
ITT Federal Laboratories. In a 
single company are Research and 
Development plus Manufacture, 
Maintenance and Service . . . 
ready to serve the military and 
industry with the shortest 
possible cycle between initial 
concept and delivered system. 




Chance Vouglit is producing KD2U-1 supersonic drone versions of the canceled Regulus I! missile for Navy and Air Force. Air Force uses 
Hie drones as Boinarc missile targets at Eglin AFB. Fla. Navy uses the KD2U-1 to test Sidewinder. Sparrow and Terrier missiles at Navy 
Air Missile Test Center, Pt. Miigu. Calif. Recent $3,260,000 Navy contract calls for conversion of tactical version of Regulus II into 
KD2U-ls 1>; installing landing gear and making other internal changes. Dallas, Tex., assembly area is above. 

Chance Vought Produces Drones for Navy, USAF 
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Instrumental in your future . . .Beckman instruments that analyze chemicals in the laboratory— 
that control their behavior in industry • Beckman Spectrophotometers detect and identify the separate 
ingredients in a complex insecticide, a drug, a food flavor. A Beckman Gas Chromatograph isolates the 
elusive componentsofagasolineora perfume, and delivers them in ultra-pure form. Beckman pH Meters 
report, instantly and accurately, the acidity or alkalinity of a substance in a test tube... or in a tank car. 
• Other Beckman laboratory and process instruments measure moisture, color, turbidity. They record 
frequency, heat, pressure, speed, and light intensity. Research chemists and students use them to explore 
the mysteries of liquids and gases. Plant technicians, working with industrial models, depend upon them 
to maintain standards of quality • Designed to meet the most exacting requirements of the job at hand, 
they perform reliably and economically in every application. Like all Beckman Instrumentation... for lab- 
oratory, medical and clinical, industrial or military use... each reflects Beckman’s total experience in the 
most advanced uses of today’s science and technology. 


Beckman 


BECKMAN INSTRUMENTS, INC. FULLERTON.CAL. | ELECTRON 1C COMPONENTS, INSTRUMENTS, SYSTEMS.. FOR ANALYSIS. MEASUREMENT, COUNTING 
AND CONTROL | DIVISIONS: BERKELEY • HELIPOT • SCIENTIFIC & PROCESS INSTRUMENTS • SPECIAL PROJECTS • SPINCO • SYSTEMS | 8ECKMAN 
INSTRUMENTS INTERNATIONAL. S.A., SWITZERLAND • BECKMAN INSTRUMENTS, G.m.b.H„ GERMANY • BECKMAN INSTRUMENTS. LTD.. SCOTLAND 



USAF Dyna-Soar 


USAF-Martin Dyna-Soar boost glide vehi- 
cle as presented in artist's conception will 
be lofted into space by the Titan II booster. 


Battelle Investigating 
Cryogenic Effects 

Battelle Memorial Institute is re- 
searching low-temperature performance 
data on 1-t metals used in valves and 
other missile components subjected to 
the low temperatures of liquefied fuels. 

Tests included measurements of fa- 
tigue properties made with metal 
samples immersed in liquid hydrogen. 
Size of the samples was 1.2 x 1.6 in.. 
and thickness ranged from 0.020 to 
0.0S0. Cycle rate of the fully reversed 
plate-bending experiments was 5,200 
times per minute. Each specimen is 
cheeked at -110F, — 320F, — 423F 
and room temperature. 

Battelle' s work is in cooperation with 
National Bureau of Standards Cryo- 
genic Engineering Laboratories. Work 
is sponsored by Wright Air Develop- 
ment Division and Ballistic Missile 
Division, both of USAF’s Air Research 
and Development Command. 



Reliability . . . Superiority . . . Consistency ... are not 
simply words at Burton! Here every phase of the pre- 
cious metal plating operation is under rigid, continuous 
quality control to assure exacting adherence to specifica- 
tions. Write us today for the full Burton story . . . there's 
no obligation. 
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AVIONICS 



SUCCESSFUL use of Navy-developed PERT management techniques requires that initial time-estimates not be altered under pressure to 
improve schedule unless portions of originally planned work arc eliminated (left) or activities originally planned to be carried out 
in series are replanned for parallel activity (right). 


PERT Plan Eases Management Problems 


By Philip J. Klass 

N'avv's Program Evaluation Review 
Technique (PERT) has proved a power- 
ful tool for working level engineers as 
well as for management, a General Elec- 
tric spokesman reported at a recent 
three-dav American Management Asso- 
ciation seminar on PERT. 

An enthusiastic endorsement for 
PERT came from Ernest O. Codier of 
GE's Light Military Electronics Dept. 
(LMF.D). which voluntarily adopted the 
technique nearly two years ago and now 
applies it almost across the board in its 
operations (AW Nov. 28, p. 85). 

"If PERT could do no more than 
. . . provide our operating people with 
an effective tool for improvement of 
their own performance, it would have 
been abundantly worth the effort we 
have put into it,” Codier told the 
AM A seminar. 

"But once a PERT plan has been 
formulated, there is now available a 
well-organized and extremely 'visible' 
plan which can be used for management 
purposes. There is available a tool with 
which we can improve the quality of 
our quotations in terms of both price 
and delivery. We can have these quo- 
tations backed up not only with the 
knowledge that they are realistic and 
attainable, but also with a detailed plan 
of how to go about accomplishing our 
promises," Codier said. 

However, he warned that PERT is 
not a substitute for intelligent profes- 
sional behavior by all parties involved 
in "massive engineering projects." 
PERT offers the possibilities of "admin- 


istrative spying" and Codier said that 
management must resist the temptation 
to use it for this purpose. 

Codier said that GE has found it 
moderately easy to sell its engineers and 
other operating personnel on the merits 
of PERT. One reason is that the basic 
technique is familiar to the engineer 
because it is used in engineering prob- 
lem analysis. Even more important. 
"PERT is unique in its capability for 
properly considering, recognizing and 
providing assistance with the most im- 
portant problem in massive engineering 
projects— uncertainty." 

The uncertainties in massive engi- 
neering defense projects are com- 
pounded by the fact that invention 
must be accomplished on schedule, even 
though it inherently defies scheduling, 
and production must follow right on 
the heels of invention instead of Tagging 
five to 10 years behind the state of the 
art as with most other types of products. 

Codier described the sort of "games- 
manship” that occurred in obtaining 
delivery estimates before the introduc- 
tion of PERI', and its consequences, 
with the admission that the description 
was only a slight exaggeration. 

A manager picks up the phone "and 
with casual and disarming friendliness 
asks the engineer: 'Sav. George, just off 
the top of your head, how long would 
it take to get out 14 frabastats?' Al- 
though the engineer knows that it 
should take eight weeks, providing 
everything goes well, he first adds two 
weeks to cover unforeseen difficulties, 
but the padding doesn’t end here. 

"Ccorge is not misled by the infor- 


mality of the request. He knows that 
ultimatclv his estimate will show up as 
a commitment. And because time esti- 
mates traditionally are too long, he can 
expect to be asked to cut his estimate. 
So he adds another three weeks and 
quotes 1 5 weeks for delivery.” 

When the 1 3 -week estimate proves 
to be too long, as it invariably does 
since it is in fact too long, the manager 
asks for extra effort to ait delivery to 
11 weeks. The manager figures he has 
done prettv well because the engineer 
makes the customary grumbling noises. 

"All the manager has at this point is 
a commitment. He has no measure of 
potential trouble sources which he 
might be able to smooth out if he were 
only’ aware of them. If the engineer 
delivers the 14 frabastats in 11 weeks, 
the manager does not know whether 
this was an outstanding effort or merely 
average performance.” Codier said. 

If the devices are intended for a crash 
program, the manager may insist that 
the engineer cut the quoted delivery 
scheduled to seven vveeks-a technique 
known as “setting a challenging goal." 
Despite the engineer's protestations, lie 
works extra hard and ends up delivering 
the frabastats in nine weeks. 

At this point, Codier said, the man- 
ager faces a "Hobson’s choice": The en- 
gineer has bettered his original estimate 
bv four weeks, suggesting that he did 
an outstanding job for which he should 
be commended. But he has fallen two 
weeks behind the customer-stated and 
manager-dictated delivery schedule so 
that a commendation implies approval 
of “late delivery." 
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The use of PER'l' encourages intel- 
lectual honesty on the part of all mem- 
bers of an industrial team, from man- 
agement to working level engineer. 
When Light Military Electronics Dept, 
gets readv to bid on a new job, the group 
that will carrv out the work gets to- 
gether with a member of the Engineer- 
ing Resources Planning & Analysis 
group which Codier heads. This pro- 
gram planner acts as a combination 
leader and "devil's advocate." 

The group first develops a design plan 
which involves little or no technical 
risk, using current state of the art. A 
PERT network is then prepared, and 
the program planner proceeds in ran- 
dom manner to ask for time estimates 
for each ma|or milestone. 

"Our technical people arc sharp 
enough to calculate and add up ex- 
pected times in their heads and will 
see the 'critical path' forming as they 
go. Experience has shown that there is 
a tendenev to estimate low when the 
activity is known to be on the critical 
path. The [random] skipping around 
is a procedure designed to isolate the 
estimator from any influence that 
would tend to cloud his technical judg- 
ment.” Codier said. 

The engineers arc first asked to give 
their optimistic time-estimate, followed 
bv the pessimistic estimate and finally 
the most likely time to accomplish. 
"At this point vve have a good time 
estimate, plus some information vve 
never had before— a measure of the un- 
certainty involved." Codier said. The 
wav in which the three times arc dis- 
tributed is very revealing and helps to 
identify the nature of the problems. 

In today's market. Codier said, a no- 
risk program usually is too long and the 
first-cut plan must be shortened to meet 
the customer's stated requirements or 
the marketing group’s estimate of what 
is needed to beat out competition. To 
squeeze down the first-ait plan time- 
table. there are several possible courses: 

• Overtime: With PERT, it is possible 
to see where overtime effort can most 
effectively be applied to shorten the 
over-all schedule, instead of wastefully 
applying it across the board. 

• Elimination: Certain portions of the 
first-cut planned work may be elimin- 
nated. For example, in the design of a 
digital computer, the breadboard con- 
struction may be bypassed and the de- 
cision made to go directly from logic 
diagrams to prototype hardware. 

• Parallel efforts: Activities which nor- 
mally would be carried out in scries 
may be scheduled for accomplishment 
in parallel. For example, work may be 
started on detail drawings before equip- 
ment design has been frozen and en- 
vironmental testing completed. 

The first level of project managers 
usually is involved in the PERT net- 
work replanning session because it in- 


volves thoir accountability for re- 
sources and risk. Usually one session is 
enough, but the process can be re- 
peated until the program has been tight- 
ened sufficiently, or proved not feasible 
in the required time scale. 

When the program gets under vyay, 
and slippage occurs from the original 
schedule, the program planner first 
goes to the responsible project engi- 
neer to discuss possible corrective ac- 
tion. The action recommended by the 
project engineer, with the revised time- 
estimate. is then figured into the net- 
work and the over-all effeot is calcu- 
lated. Only at this point is higher man- 
agement advised of the situation: the 
problem, the proposed remedial actions 
and their consequences. 

Analysis of the problem may show 
that the individual engineer has reached 
the limits of his authority and that the 
solution lies outside these boundaries. 
For example, he may require additional 
resources or assistance from another 
functional area. This requires action by 
higher management, a fact pointed out 
by the PERT network. GE's experience 
with PERT suggests several important 
rules for its application, Codier said: 

• Recognition of the real commitment: 
The only real commitment is the one 


made to the customer; all others within 
the PERL network should be recog- 
nized as flexible providing they do not 
alter the customer commitment. 

• A time estimate is not a commit- 
ment: Tire PERT time-estimate is the 
means by which operating level person- 
nel indicate their best technical ap- 
praisal of a situation. Once operating 
level personnel recognize this, it is far 
easier to obtain estimates and these will 
be far more accurate than the single- 
commitment type estimate required be- 
fore the advent of PERT, 

• Time estimates should not be changed 
to shorten over-all program time sched- 
ule. If over-all time is to be cut. time 
must be bought with money, with risk, 
or by removing “chrome-plated” fea- 
tures from the program. "It is a funda- 
mental rule in our PERT operations.” 
Codier said, "that vve will not change 
a time-estimate on an activity unless 
there is a significant change in the cir- 
cumstances or requirements of that ac- 
tivitv." 

• PERT program planners should be 
experienced engineer-designers. This 
enables them to speak the same language 
as the technical project people, and 
often to contribute to the project plan 
by drawing on their own experience. 



UHF Antenna to Be Used in Secor Experiment 


Multi-purpose UHF automatic tracking antenna will be employed as part of geodetic Secor 
(Sequential Collation of Range) experiment to be conducted in conjunction with the forth- 
coming Transit 1IIB navigation satellite. Antenna radiating systems including associated com- 
ponents and antenna structure were developed by Electronic Specialty Co.. Los Angeles, 
in conjunction with Tcmcc, Inc., a subsidiary of Cubic Corp., which provided pedestal and 
control system. System, exclusive of pedestal, weighs 650 lb., can handle two kilowatts of 
CW power at a frequency in the 450-mc. band, can receive in 450- and 225-mc. bands and 
provide error signals for automatic tracking in both azimuth and elevation. Secor equip- 
ment development is being handled by Cubic Corp. under contract to Army Map Service. 


AVIATION WEEK, April 10, 1961 


Novel Semiconductor Transducer 
Produces Microwave Ultrasonics 


New York — Novel semiconductor 
transducer which can generate ultra- 

lias been Jevclopcd by Bell Telephone 
Laboratories. The new device also can 
be used to convert acoustical energy 
into electrical energy. 

One important application of the 
new principle will be in ultrasonic de- 
lay lines for computers where the high 
operating frequency and wide band- 
width will permit storage of large 
amounts of data. New transducer also 
will find use in studying acoustical 
properties of materials at very high 
ultrasonic frequencies. 

First details on the new semiconduc- 
tor ultrasonic transducer were disclosed 
at the recent Institute of Radio F.ngi- 
neers convention here by BTL's Donald 
L. White. He reported that theory in- 
dicates that these transducers can pro- 
duce ultrasonic energy at frequencies 
ranging from 300 me. to more than 
10.000 me. Experimental units built to 
date have been operated at approxi- 
mately 530 me. and S30 me. 

In a conventional ultrasonic trans- 
ducer. a piezoelectric crystal excited 
from an alternating current source vi- 
brates like a diaphragm to generate 
ulti c i :s. The thickness of the 
crystal determines its natural frequency 
and therefore establishes the frequency 
of the generated waves. Fabrication 
difficulties limit the minimum obtaina- 
ble crystal thickness and therefore limit 
the highest frequencies that can be 
generated. 

In the new BTL device, a "deple- 
tion layer" formed in a semiconductor- 
with piezoelectric properties serves as 
the vibrating diaphragm. It can be cre- 
ated with thicknesses as small as 0.01 to 
0.0001 cm., corresponding to natural' 
frequencies of 300 me. to 30.000 me. 
The depletion laver is a thin region of 
high resistivity that occurs at the in- 
terface of two dissimilar materials, such 
as a P-N semiconductor junction or at a 
rectifving inetnl-to-semiconductor con- 
tact. The thickness, and hence its 
natural frequency, depends upon the 
amount of impurity doping and the 
magnitude of a bias voltage applied 
across the layer. 

Silicon and germanium, widely used 
semiconductors for transistors, do not 
have the required piezoelectric charac- 
teristics. but there are a number of 
compounds which do. These include 
gallium arsenide, cubic zinc sulfide, and 
hexagonal forms of zinc sulfide, zinc 
oxide and cadmium sulfide. 

A delay line employing the new prin- 
ciple consists of a quartz rod with two 
gallium arsenide crystal blocks attached 


at cither end. Along the surface of each 
crystal where it joins the quartz rod 
there is a rectifving metal film contact. 
The opposite surfaces of each crystal 
have thin ohmic (non-rectifying) gold 
film contacts. (See sketch.) 

A d.e. bias voltage is applied across 
the two contacts of one crvst.il and an 
a.c. voltage is superimposed upon it. as 
shown in the sketch. The depletion 
layer produced by the bias voltage is 


set to vibrating by the a.c. voltage, 
generating ultrasonic waves which pass 
down through the quartz rod. 

At the opposite end, these ultrasonic 
waves cause the depletion layer of the 
second crystal, also biased for the same 
resonant frequency, to vibrate, which 
produces an a.c. voltage across its out- 
put terminals. 

The resonant frequency of a given 
transducer can be changed by a factor 
of 3:1. or more, bv altering the d.c. 
bias voltage. White told the IRE. 

Because the depletion layer is so thin, 
it is inherently a lovv-impcdance device. 
White pointed out. For example, the 




EXPLODED view of experimental ultrasonic delay line which operates at microwave 
frequencies, showing gallium arsenide crystals (black blocks) which form heart of new 
tvpc ultrasonic transducer which can generate and reconvert waves at frequencies from 
300 me. to more than 10.000 me. Development was reported by Bell Labs. 
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Mr. Longlet says, “After testing and comparing all 
available equipment, we specified all-Bendix avionic 
equipment for our new Gulfstream.” 

This includes Bendix ® Airborne Weather Radar 
with Bright Display Indicator— several hundred 
times brighter than conventional scopes; for VHF 
communications, the transistorized TA-21A Trans- 
mitter and RA-21A Receiver; for navigation, the 
Bendix VOR/LOC Navigation Unit, Glide Slope 
Receiver, and Marker Receiver. Completing this 
up-to-the-minute avionics "package’’ is the Bendix 
high sensitivity DFA-70 Automatic Direction Finder. 

Because of consistently dependable performance, 
Bendix avionic equipment is being specified more and 
more for commercial, business and military aircraft. 
For information, see your Bendix dealer, or write. 


Bendix Radio Division 

AVIONIC PRODUCTS • BALTIMORE 4. MARYLAND 





Sees through 
Weather and Night 


impedance due to the capacitance of a 
two-millimeter square transducer oper- 
ating at resonance at 100 me. is about 
0.5 ohms. 

For most efficient transfer of energy 
from a.c. excitation source to ultrasonic 
energy, it is desirable that the semicon- 
ductor material have a low resistance 
and that the source have a high “Q." 
As impedance mismatch between source 
and transducer increases, more of the 
energy will be dissipated as heat within 
the transducer. 

Where the impedance match is good, 
the bandwidth of the transducer de- 
pends primarily upon the piezoelectric 
coupling factor of the semiconductor 
material used in the transducer. Gal- 
lium arsenide yields a bandwidth of 
about 5%, while cadmium sulfide offers 
a bandwidth of about 20%. because of 
its greater coupling factor. However. 

a desirable attribute for impedance 
match. Thus the choice of material 
will depend upon the application. 

Kxperimenr.il BTL models using gal- 
lium arsenide, which operate at about 
600 me., exhibit bandwidths of about 
'0 me. (5%). an order of magnitude 
larger than conventional ceramic trans- 
ducers operating at frequencies below 
10 me. Even greater bandwidths should 
be obtainable at higher operating fre- 
quencies. permitting a considerable in- 
crease in data-handling capability of a 
delay line. 

Experimental units fabricated today 
have not shown the very high frequency 
which theory predicts. White said. 
However, he added that this is believed 
due to lack of experience in circuit and 
fabrication techniques. 


Bausch & Lomb capabilities 

turn blips into pictures 

The “Processor” as manufactured by Bausch & Lomb takes a 
mass of unintelligible blips and rearranges them into a picture 
that is the equivalent of an aerial photograph. 

In this way, B&L integrated skills help the Army and Air Force 
carry out precision reconnaissance in any weather, day or night. 
The same B&L skills can help you with your contract work, too — 
providing the design, development, and production of precision 
systems to meet your specific needs. Write us for full details. 
Bausch & Lomb Incorporated, Military Products Division, 

£2116 Bausch Street, Rochester 2, New York. 


BAUSCH & LOMB 

V 



Stress-Strain Gage 

winch is directly proportional to stress as 
nited 90 deg. apart, one of w hich measures 



stranicntation Div.. 92 Fourth Avc.. Wal- 
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NEW AVIONIC PRODUCTS 


• Thermoelectric spot cooler. Model 
TA-20, for spot-cooling of high tem- 
perature elements .in an av ionics chassis, 
can pump more than 20 watts of heat 
or maintain temperature differential of 
S0C between hot and cold plates, ac- 
cording to manufacturer. Thermoelec- 
tric cooler measures 11 x 11 x 1 in. 
Even greater capacities can be obtained 
by connecting several modules in se- 
ries or parallel. Manufacturer. Ohio 
Semiconductors. 1 205 Chesapeake Ave., 
Columbus 1 2. Ohio. 



• Plug-in electronic multiplier, Model 
3752, using all solid-state design, can 
be plugged into any analog computer 
problem board with 3 in. terminal spac- 
ing. This includes all computers made 
by Donner Scientific. Heath. Boeing 
and Goodyear. Multiplier offers three 
selectable modes of operation: four- 
quadrant multiplication with static ac- 
curacy of 0.3% of full scale voltage, 
two-quadrant division, or two-channel 
squaring. Standard case size is 3 x 2i x 
2 in., but unit also is available for 
panel or chassis mounting. Manufac- 
turer: Donner Scientific Co., Concord, 
Calif. 




• Circular waveguide rotating section. 
Model 55R5C. for continuous 360-dc- 
grcc rotation of probe for measuring 
electrical field mode orientation, is de- 
signed for operation over frequency 
range of 3.95 to 18.0 kmc. Operating 
band width is 5.0 to 5.9 kmc., and 
residual VSWR is 1.02:1. according to 
manufacturer: Applied Microwave Elec- 
tronics Inc., 114 West 25th St., Balti- 
more 18. Md. 



• Miniature traveling wave tube, Model 
STX-182, produces up to 40 watts out- 
put over frequency ranges as high as 
5 kmc. to 1 1 kmc., with an internal gain 
of 3,000. according to manufacturer. 
Tube measures 9 in. long and weighs 1 
lb. Tests on experimental model indi- 
cate tube may have a life of more than 

in space environment. Manufacturer: 
Sperrv Gvroscope Co.. Electronic Tube 
Div., Great N'eck, L. I., N. Y. 

• Microminiature glass diodes, known 

as M1CRO/G diodes, with package di- 
ameter of 0.04 in. and length of 0.06 
in., emplov diffused silicon mesa con- 
struction with oxide passivation of the 
surfaces in addition to the glass her- 
metic seal. Type TI-2 has reverse re- 
covers- time of 10 nanoseconds: Tvpc 
TI-6 has reverse recovery time of 100 
nanoseconds. Manufacturer: Texas 

Instruments, Dallas, Texas. 


• Gallium arsenide varactor, for use as a 
preamplifier in radar systems, provides 
lovv-noisc microwave amplification. De- 
vice has cut-off frequency of 1 50 kmc., 
measures 1 in. dia. x 14 in. long. Appli- 
cation details available from manufac- 
turer: Raytheon Co.. Semiconductor 
Div., 21 5 First Ave.. Needham. Mass. 

• Dual-mode transmission discriminator 
cavity. Type WX-4334. operating at 
frequency of 35 kmc., for use with para- 
metric amplifier pumps, navigation sys- 
tems and radar beacons requiring highly 
stable frequency source, is housed in a 

O. 9 in. cube and weighs 3.1 oz. Cavity 
is vacuum scaled and uses invar con- 
struction to minimize resonant fre- 
quency- change with temperature, which 
manufacturer says is only 8 me. over 
temperature range of 25C to 100C. 
Each output has a loaded “Q" of 3,000 
and a frequency difference between out- 
puts of 10 me. Insertion loss is 10 
db. maximum and insertion loss differ- 
ence between outputs is one db. maxi- 
mum. Manufacturer: Westinghouse 
Electric Corp.. Electronic Tube Div., 

P. O. Box 284, Elmira, N. Y. 



• Precision angle position indicator. 
Type KT427566, designed primarily for 
use in automatic checkout and military- 
field test equipment, is available in six 
different models for measuring angles 
to within 6 minutes of arc. Device pro- 
vides direct readout in degrees and 
minutes, with sensitivity of 1 min., re- 
peatability of 2 min. and resolution of 
1 min., according to manufacturer. De- 
vice meets MIL-D-S512. according to 
manufacturer and is available rvith 
either vacuum tube or transistorized 
amplifier. Manufacturer: Kcarfott Divi- 
sion. General Precision. Inc.. 1150 Mc- 
Bride Avc., Little Falls. N. J. 
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New PACIFIC 


G 

. . .provides high 
performance 
. . . reliable acceleration 
switching! 

Pacific’s new inertia switch is readily 
adaptable to meet a variety of "G“ 
sensing uses from missiles to freight 

performance and range with only 
a minimum of engineering and de- 
velopment to meet specific require- 

provldcs positive "make or break” 
action of the electrical contacts at 
the "G" setting regardless of envi- 
ronmental conditions. 

For information on Pacific inertia 
switch designed to your own re- 
quirements... or on a standard unit, 
WRITE TODAY. The engineering 
skill and creative ability of Pacific 
Scientific are at your service. 


SWITCH 


PACIFIC SCIENTIFIC COMPANY 
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The following are based on papers 
delivered during the recent Institute 
of Radio Engineers convention in New 
York: 

► Pulsed Radiation Effects Report- 
Effect of brief pulses of nuclear radia- 
tion on resistors depends primarily on 
the resistance value, dose and dose rate 
rather than the composition of the re- 
sistor, according to tests conducted at 
the Codiva facility at Los Alamos Lab- 
oratories last year, and reported bv Dr. 
H. J. Degenhart and Walter Schlosscr 
of Army Signal Research and Develop- 
ment Laboratories. Resistors of 100 
ohms underwent a 10-25% increase 
while 10.000-ohm resistors experienced 
only a 1-2% increase after an initial 
decrease of 5%. Resistors of 100,000 
ohms had a 10-50% decrease followed 
by increases up to 10% over initial 
value, while one megohm resistors ex- 
perienced 30-50% decreases. Most of 
the resistors return to original toler- 
ance limits within 1 -2 milliseconds after 
radiation pulse, although higher re- 
sistance units required 5-10 ms. (AW 
Aug. 8, p. 58). 

► Earth-Based System for Lunar Land- 
ing-New technique for controlling the 
terminal phase of a lunar landing in 
which bulk of the equipment would be 
earth-based, was described by Frank R. 
Dickey, Jr. of General Electric. Syra- 
cuse. N. Y. An earth-based continuous- 
wave microwave transmitter aimed at 
the moon could produce direct and re- 
flected waves in the vicinity of the 
moon which would combine to form 
an irregular standing wave pattern. 
Dickey said. Lunar vehicle, equipped 
with two antennas and receivers, would 
measure interval between time when 
two antennas encountered the same 
field gradient to determine vehicle 
velocity. 

► New Ionospheric Scatter Mode Re- 
ported-Existence of what appears to 
be a new type of scatter communica- 
tions associated with specular reflection 
from ionization aligned with the earth’s 
magnetic field has been disclosed by 
recent experiments conducted by 
Smyth Research Associates under 
Rome Air Development Center spon- 
sorship. The new scatter mode has a 
diumal cycle which closely resembles 
that of meteor bursts, but has a higher 
duty cycle, Byron Baffin of RADC rc- 

E orted. (Paper was eo-authored by 
imes L. Heritage of Smyth Research 
Associates.) 

Duty cycle of the new scatter in- 
creases as operating frequency decreases, 
Baffin said. 

► Knife-Edge Useful for Tropo Scatter 
—Tlie knife-edge diffraction produced 
by an obstacle such as a mountain. 


located between a radio transmitter and 
a receiver, can be used to good advan- 
tage in tropospheric scatter communi- 
cations links, National Bureau of Stand- 
ards experiments indicate. Paper by 
A. P. Barsis and R. S. Kirby, both of 
NBS Boulder (Colo.) Laboratories, re- 
ported the results of tests conducted 
over a 140-mi. path, and using Pike's 
Peak as the obstacle, to determine 
long- and short-term variations in ob- 
stacle gain. Tests revealed relatively 
slow fades at a frequency of 751 me.. 
lasting from several to many minutes, 
which were well correlated as received 
on spaced antennas. 

A more rapid fading of very much 
smaller amplitude was superimposed 
on the slow fade. At a frequency of 
100 me., no short-term signal variations 

► Army Develops New Type Radar- 
Army Signal Research and Develop- 
ment Laboratories have developed a 
continuous-wave correlation radar using 
pseudo-random modulation intended 
to get around two limitations of con- 
ventional pulse-type radar. These limi- 
tations are that the average radar power 
can be increased only by increasing 
peak power because pulse width and 
repetition frequency are constrained by 
desired resolution and maximum range 
requirements and that it is not possible 
to make unambiguous measurement of 
Doppler frequencies higher than one- 
half the pulse repetition frequency. In 
the new Army radar, range and velocity 
information is obtained with phase 
modulation by changing transmitter 
frequency for a short time during which 
the phase of the transmitted signal is 
shifted ISO deg. Returned echos are- 
correlated with a delay replica of the 
modulating signal. O. E. Rittcnbach 
and Walter Fishbein of USASRDL re- 
ported. 

The transmitter output tube also 
serves as the local oscillator. Experi- 
mental results to date closely verify the 
theory of operation, the authors reported 
at the convention. 

► New Antenna for Monopnlsc Radar- 
New design of monopulse radar an- 
tenna which optimizes both the ranging 
(sum) mode and the angle track- 
ing (difference) mode simultaneously, 
largely eliminating the low gain and 
high sidelobes usually found in the dif- 
ference channel was described by P. W. 
Hannan and P. A. Loth of Wheeler 
Laboratories of Smithtown, N. Y. New 
antenna uses four stacked horns, excited 
by a simple network of hybrid junc- 
tions, to provide a 2:1 differcnce-to-sum 
width of feed aperture excitation. In 
the other plane, three waveguide modes 
are used to achieve optimization with- 
out presence of E-plane partitions 
which normally reduce efficiency of 
monopulse feed. Institute of Radio En- 
gineers was told. 
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Objective: 

The right 
fire and overheat 
detection device 


Every aircraft, missile or space vehicle has different 
fire and overheat detection needs — and no one solu- 
tion is the answer to every problem. That’s why it 
makes sense to call in Fenwal early — in the design 

Only Fenwal offers all three types of detection sys- 
tems. Fenwal Unit Detectors are the most widely used 
of any unit detection system . . . Fenwal's Continuous 
Detector is the only discrete, non-averaging system . . . 
Fenwal Surveillance offers a variety of approaches 
and we can recommend the right one to fit your needs. 
And Fenwal engineers have years of experience with 
in-flight detection problems. 

With this background and these products, a Fenwal 
engineer can afford to be objective ... to propose the 
system or combination best for you. If this makes sense 
to you, and your needs are either for new projects or 
retrofits, contact your Fenwal man. Write Fenwal 
Incorporated, 124 Pleasant Street, Ashland, Mass. 
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INDIVIDUALLY 


IMPROVE INSPECTION EFFICIENCY WITH ANSCO MONOPAK X-RAY FILMS 


Modern non-destructive testing requirements 
call for fast and accurate flaw detection. 
That’s why experienced technicians depend 
on Ansco Superay" ’A’ and 'B' Monopak 
X-ray films ... for quick and positive readings. 
Take advantage of the dependability and 
ease-of-handling convenience offered by 
Monopak. For information about how Mono- 


pak can improve your inspection efficiency 
write: Ansco Industrial X-ray Department, 
Ansco Division, Vestal Parkway East, Bing- 
hamton, New York. 



Monopak 


1 PLANT ffllffl ADDRESS 


This is the new home of Vought Electronics, a 
division of Chance Vought Corporation. New 
ideas shaped this building. These facilities, 
the most modem in the industry, are organ- 
ized for fast, economical service, grouping 
design, fabrication, testing and administrative 
activities in one efficient floor plan. 

Here are minds and facilities that can 
produce results ... at any point in your 


program . . . quickly, reliably, with creative 
but cost-minded engineering. 

Current production includes: Minuteman 
actuators, Titan check-out equipment, Cru- 
sader autopilot systems, advanced antennas 
and beacons. Among new products: naviga- 
tional systems, space guidance units, ASW 
devices, radar enhancement devices and an 
improved servo-analyzer. 


CHANCE VOUGHT <R® ELECTRONICS 

■ ^ P.O. Box 1500, Arlington.Texas 




in chart paper 



there 

is 

a 

difference 


brush 


INSTRUMENTS 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 
of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Thke no chances— specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 
sales representatives throughout the United States and Canada. 



■ a 


Write for samples 



"Brush Engineered 
Recording Supplies' 


EQUIPMENT 


Marines Using Helicopter Ditching Trainer 


By Barry Tully 

Helicopter ditching trainer, compar- 
able in purpose to the World War II 
■'Dilbert Dunker” aircraft ditching 
trainer, is under evaluation by the 
Marine Corps at Camp Pendleton. Pa. 

The Marine Corps, heavily engaged 
in amphibious helicopter assault train- 
ing. realizes a need for training both 
crews and helicopter assault troops to 
cope with emergency water landings. 

Helicopters, unlike many fixed-wing 
aircraft, sink rapidly when ditched and 
tend to heel over due to the high center 
of gravity. The uncertain ditching 
characteristics demand that troops and 
crewmen must practice emergency 
egress from the trainer while it is in 
various settling positions. The possi- 
bility of the door (right) side of heli- 
copter bottoming in the mud necessi- 
tates training in escape through windows. 

The trainer was designed and built 
for the Marines by the Kellett Aircraft 
Corp., Willow Grove. Pa., in cooper- 
ation with the Naval Training Device 
Center, Pt. Washington. N. Y. The 
device consists of a mockup of a 
Sikorsky HUS-1 fuselage which is sus- 
pended over a training tank. The 
interior of the trainer contains seats 
and safety belts for eight troops and 
pilot and copilot. 

The trainer is loaded with Marines 
at the side of the pool and then raised 
and swung out over the water. Hydrau- 
lic winches lower the mockup into the 
water at a vertical speed of 5 fps. The 
trainer operator can cause the trainer 
to sink vertically to a depth of 1 5 ft. or 
to roll up to 180 deg. to either side. 
The helicopter crew, with full combat 
equipment, must escape from the 
trainer within 20 sec. 

Emergency controls within the 
trainer permit occupants to initiate rais- 
ing the trainer from the water within 
10 sec. in the event of an underwater 
emergency. The trainer operator, how- 
ever, has a retarding override which he 
may operate if the quickly-rising fuse- 
lage is endangering swimmers. 

Primary power for the trainer’s 
1.500-psi. hydraulic system is supplied 
by a 1 S-hp. electric motor. Accumulator 
pressure within the system frees the 
trainer from dependence on electrical 
power. At any time during the opera- 
tion of the trainer, accumulator pressure 
will suffice to raise the mockup from 
the water. An extra safety measure is 
had by the presence of safety divers on 
the pool bottom during training. 
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ENEMY 

smashing him— these are the aims of 
searching for advanced ideas on systems and 
Since 19i7 Bendix-Pacific has been a major 
supplier of Sonar, Airborne Radar, Under- 
water Ordnance and Submarine Hydraulic 
Controls for the Navy’s ASW program. 


Listening for the enemy, looking for him. 
Warfare. The ASW concept is always 
Bendix-Pacific excels. 





Airborne Jel Analyzer 
Locates Trouble Spots 

Ft. Worth, Tex.— Airborne jet engine 
analyzer system designed to save 
maintenance time by pinpointing 
trouble spots and reducing need for 
premature engine removals is being 
tested by the U. S. Air Force on a 
Boeing B-52 and a Convair F-106. 

The Howell Instruments. Inc, 
seven-pound Aero-Jetcal system con- 
sists of three basic units: 

• Exhaust gas temperature indicator, 
weighing one pound, having digital 
and pointer readout for readability to 
1C with an accuracy of 1C. 

• Engine life remaining recorder, 
weighing three pounds. 

• Engine temperature and excessive 
temperature spread indicator, weighing 
three pounds. 

The flight panel-mounted exhaust 
gas temperature indicator is a tran- 
sistorized, servo, null-balance instru- 
ment in a standard two-inch diameter 
case, requiring both 115-v. 400 cps. 
at approximately 10 w, and 28 v.d.c. 


EXHAUST gas temperature indicator (above) 
is panel-mounted in cockpit. Exhaust flame 
propagation (temperature spread) computer 

thermocouple on jet engine and stores data 
for instantaneous readout when swatch is 
activated in cockpit. 


at less than one watt. Calibrated 
to the Chromel-Alumel thermocouple 
curve, the indicator provides digital 
and pointer readout to 1.200C, main- 
taining an accuracy of 1C over the 
entire scale. Accuracy is provided 
through use of a Howell Ta'Pot as the 
feedback potentiometer in the servo 
loop. Ta’pot is an infinite resolution 
slide-wire with the resistance element 
bonded into one edge of a laminated 
Mylar tape, the tape being punched 
with precision holes spaced according 
to the Chromel-Alumel curse linear- 
ized through a sprocket drive to the 
digital counter readout. Digital counter 


is calibrated in increments of two 
degrees from zero to 1.200C. By read- 
ing the counters as they revolve, it is 
possible to read data to one degree, 
Howell notes. 

The temperature-compensated bridge 
detector compares the input signal 
with a signal from the feedback 
potentiometer, and any difference be- 
tween the two, when amplified and 
applied to the servo motor, causes the 
motor to reposition the slidewire until 
the difference is reduced to zero. 

Input signals for the indicator are 
produced by the averaging thermo- 
couple harness when the indicator is 


erational . , 

when only the 


When any U. S. missile system be- 
comes operational its components must 
represent the best in current capability 
and reliability. Survival may depend 
upon them! 

That’s why it’s significant that 
Hokanson ground support air condi- 
tioning is keeping the fully tactical 
Thor missile operational around the 
clock. 

Hokanson’s reputation for outstand- 
ing engineering design and quality of 
product was the reason for its selection 
to provide air conditioning support for 
the ICBM Atlas, the ICBM Minute- 
man railroad program, and the sophis- 
ticated air conditioning requirements 
of the Saturn space project. 

Write Hokanson today for further 
information. Its Engineering Depart- 
ment will be happy to assist in the 
solution of any of your temperature 
and humidity problems. 
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monitoring average exhaust gas tempera- 
ture and by the flame propagation 
computer when the indicator is 
monitoring temperature spread. 

Mechanical switching is accom- 
plished through the drive mechanism 
to the digital counter to actuate the 
warning light on the indicator when- 
ever an over-temperature or overspread 
condition occurs. This switching de- 
vice also actuates the excessive-tem- 
perature-spread flag and over-tempera- 
ture events counter on the recorder. 
As the EGT indicator is monitoring 
average exhaust temperature, a re- 
transmitting potentiometer geared to 
the servo motor provides a signal to the 
engine-life-remaining recorder— this sig- 
nal being proportional to the amount 
of engine life being expended at that 
specific exhaust temperature. 

Warning Flag 

The engine-life-remaining recorder 
takes note of the number of over-tem- 
perature conditions that have occurred 
to the engine; a warning flag indicates 
that the engine experienced excessive 
temperature spread and it also records 
the engine life remaining as related to 
exhaust gas temperature. 

As the over-temperature condition 
is exceeded, a variable-speed motor 
drives the digital counter on the 
recorder toward zero at a rate cor- 
responding to the instantaneous over- 
temperature condition. All engine life 
expended while operating at over- 
temperature is cumulatively recorded 
on one digital counter. The 3-in. x 5- 
in. x 5 Vi -in. recorder can be placed 
anywhere in the aircraft convenient to 
ground maintenance personnel. Its 
warning flag and digital presentations 
can only be reset by ground crews. 

Tire exhaust flame propagation-tem- 
perature spread-computer includes a 
switching system to scan and compare 



ENGINE-life-remaining recorder compiles 
number of over-temperature conditions that 

remaining, based on jet exhaust gas tein- 
flag to appear in window at left. 


the temperature of thermocouples in 
an engine. The temperature of each 
thermocouple is compared with the 
other in a continuous sampling se- 
quence using an automatic stepping 

On one scanning cycle the thermo- 
couple at the lowest temperature is 
selected and the memory circuit ad- 
vances a slave selector switch to that 
position. On the next scanning cycle, 
the thermocouple at the highest tem- 
perature is selected and the high 
slave switch is advanced to that posi- 
tion. The difference in the tempera- 
tures of the two thermocouples is 
transmitted to the exhaust gas tempera- 
ture indicator whenever the tempera- 
ture spread test switch on the instru- 
ment panel is closed by a flight crew 
member. 

While the scanning cycles arc 
continuous and although the ex- 
haust flame propagation changes, the 
temperature spread signal is stored at 
all times for instantaneous presenta- 
tion on the EGT indicator. 

When a crew member closes the 
switch for a check and if the tempera- 
ture spread is excessive, a warning 
light appears on the EGT indicator 
and the excessive-tempera turc-sprcad 
flag on the engine-life-remaining re- 
corder is energized. Releasing the 
switch results in the EGT indicator 
monitoring average EGT— the warning 
light going off— but the warning flag 
remaining in visible condition for the 
maintenance crew. 

Excessive temperature spreads could 
indicate a malfunction of fuel supply 
or in the combustion section of the 
engine, or possibly a misaligned com- 
bustion chamber or guide vane. 

Helicopters’ Static 
Shock Hazard Studied 

Buffalo— Cornell Aeronautical Labo- 
ratory has developed equipment that 
can take the electrical charge out of a 
hovering helicopter and protect ground 
handling crews from serious injury. 
Static dischargers used on conventional 
aircraft had proved ineffective for slow- 
moving helicopters and there are many 
instances on record of crewmen receiv- 
ing severe shocks of up to several thou- 
sand volts. 

The compact and relatively light- 
weight equipment developed by Cor- 
nell allows a pilot to flip a switch and 
eliminate the electrical "potential dif- 
ference” between the helicopter and 
the ground. Preliminary tests using an 
Army helicopter have been started here 
but plans are to move the experiments 
to California where better conditions 
exist and a greater variety of helicopters 
is available. 



mcel 


ntal research provides the specific catalyst to hasten 
bFTpV apffective solution of man's missile and space problems 


a comprehensive capability for 
research in propulsion and ordnance 


Amcel 
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NEW AEROSPACE 
PRODUCTS 



Pneumatic Decelerator 


Inflatable fabric ring is designed to 
stabilize and cushion the landing of 
space vehicles on the moon or planets. 

Test drops made with the pneumatic 
decelerator by the manufacturer indi- 
cate that the device would bring a 
lunar payload to rest without damage 
on hard, rocky or sloped surfaces. U poll 
surface impact, the decelerator is par- 
tially deflated to minimize bounce. 

Goodyear Aircraft Corp.. Litchfield 
Park, Ariz. 



BLAISDELL /fan ounces 


the addition of LAMINATED 




BLAISDELL MANUFACTURING CO. 

1342 Coronado Avo. o GEnova 9-0474 o Long leach 4. Calif. 



Freight Container 


Mercury Air Freight, Iuc.. is putting 
into service a freight container designed 
to expedite the flow of freight in and 
out of air terminals. The perforated 
pressed steel container measures 5 ft. 
x 5 ft. x 28 in. and weighs about 160 
lb. 

Airline personnel will preload the 
containers and roll them onto the cart- 
age contractor trucks, thereby cutting 
down on the time the truck driver 
spends waiting around the terminal for 
his truck to be loaded. According to a 
study that Air Cargo, Inc., made several 
years ago, truck drivers spend 25% of 
their time at the airport— much of it 
waiting for loading. Mercury Air 



vitches, controls and indicators lor all military and commercial 
slocked tor immediate delivery by leading parts Distributors. 
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Barber-Colman 
temperature controls 
chosen by leading 
makers of ground 
support equipment 



| Freight thinks that this part of the air 
freight flow offers the best possibilities 
for speed-up. 

At present. Mercury has about 50 
containers in pools at Idlcwild and 
La Guardia airports for use with Ameri- 
can, Northwest, and Eastern airline's 
airfreight. 



Beryllium Shear Bolt 

Beryllium shear bolts for space and 
missile applications have a minimum 
shear strength of 60,000 psi. and an 
endurance limit of 45,000 psi. 



ALL SOLID STATE 
DC AMPLIFIER 



FINANCIAL 


Lockheed Aircraft in Top Position 
In 1960 Defense Contract Awards 


Washington — Lockheed Aircraft 
Corp. moved into the top position in 
net value of military prime contracts 
awarded by Department of Defense in 
Fiscal I960, toppling Fiscal 1959’s 
leader. North American Aviation, Inc., 
to third place. 

Lockheed has $666 million worth of 
contracts, or 12% of the total net 
value of $5,552 million award to 500 
contractors: rankings are for contracts 
of $10,000 or more. Second place was 
taken bv General Dynamics Corp., with 
$528 million, moving into that slot 
from fourth place in Fiscal 1959. Total 
awards in Fiscal 1959 were $5,246 mil- 
lion (AW Jan. 9, p. 122). 

Following is a breakdown of compa- 
nies, governmental agencies and non- 
profit institutions, by rank: 
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quality control 


Your need for a full margin of reliability 
in servo systems is matched by the con - 
limwus quality of G-M Servo Motors 
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Capability has many faces at Boeing 
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KEARFQTT produces 

precision floated gyros 
for the I Polaris] missile. 




GENERAL PRECISION. INC. 

Other Divisions: GPL.Librascope. Link 
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KEARFOTT DIVISION 
Little Falls. New Jersey 








WHY FOUR ANTENNAS? Because the Advent communications satellite 
repeater will be tested in both high and low orbits, with each repeater 
receiving on one microwave frequency but re-transmitting on another. These 
specially polarized antennas, developed by Bendix, will withstand the 
extremes of launch acceleration, vibration, and temperature, as well as one 
year of continuous operation in orbit. Better scientists and engineers are 
invited to join the Bendix team. 



BENDIX SYSTEMS DIVISION 

ANN ARBOR. MICHIGAN 







BUSINESS FLYING 



FULL-SCALE MOCKUP of Israeli B-101C executive transport shows T-tail layout of empennage. A V-tail was part of earlier design. 


Israeli Aircraft Surveying B-101C Market 


By Erwin J. Bnlban 

Israeli Aircraft Industries is conduct- 
ing a combined survey of market po- 
tential and sales and service facilities 
for a new six- to nine-place light twin- 

sell for S350.000 *fnlly equipped.' 

Major portion of the engineering of 
its B-l 01 C twin-jet (AW Mar. 6. p. 87) 
has been completed under the direction 
of Dr. Erich Schatzki, IAI’s chief engi- 
neer. whose background includes posi- 
tions with Heinkel, Eokker and Repub- 
lic Aviation Corp. A full-scale tnockup 
of the B-l 01 C has been completed at 
lAI’s Lod Airport facility on completion 
of basic configuration, design studies of 
which started some 10 months ago. 

1A1 executives told Aviation Week 
that their plans arc to build two flying 
prototypes and a static test model as 
soon as current surveys covering mar- 
ket. potential sales and service organ- 
izations in the United States arc com- 

C lcted. They estimate that they can 
ave the first flying prototype airborne 
in 18 months from go-ahead. 

Plan initially is to build the airframe 
in Israel, ferry or ship them to the 
United States, where a distributor 
would prepare them for delivery to cus- 
tomers. Should enough interest de- 


velop indicating desirability for produc- 
tion here, the company says it will dis- 
cuss production licensing arrangements 
with a manufacturer. 

Biggest market potential for the air- 
frame is considered to be the executive 
field, although the company feels that 
some interest may also develop among 
charter operators. 

Major Handicap 

IAI feels that the biggest handicap 
in cracking this market thus far has 
been price: therefore design program 
has been geared to developing an air- 
plane featuring low initial and operat- 

o minimize costs, the completed 
airplane will represent a design meeting 
Federal Aviation Agency Part 05 speci- 
fications where these requirements are 
adequate without degrading FAA Part 
04B transport category requirements. 
The airplane’s takeoff and landing re- 
quirements are directed at fulfilling 
FAA S.R. 422B jet category regula- 
tions. The plan is to build the airplane 
within current state-of-the-art design, 
avoiding exotic and costly new features. 

Fuselage is of cylindrical layout pro- 
viding minimum wetted area and maxi- 
mum structural strength, with a major 
portion of the fuselage of constant sec- 


tion to ease production and tooling re- 
quirements. Conventional jet-type fail- 
safe construction, utilizing multiple 
load-paths to increase fatigue life, is 
aiso utilized. 

Placement of engines aft of the fuse- 
lage, in the style set by the Sud Cara- 
vetle, permits a clean wing and short 
landing gear, making it possible to 
enter and depart from the fuselage 
without the need for special loading 
equipment. Lowness relative to the 
ground is also credited with improving 
landing and takeoff characteristics 
through maximum use of ground effect. 

Baggage compartment exterior access 
door provides maintenance personnel 
with easy egress to fuel, hydraulic and 
electrical svstern accessories in addition 
to pressurization and air conditioning 
equipment in the accessory bay, which 
is separated from the baggage compart- 
ment by a bulkhead. Autopilot system 
and batteries arc also located in rear 
compartment. A panel in the fuselage 
belly provides access to the fuel booster 
pumps, while two large panels in the 
nose permit access to radar gear, navi- 
gation, VHF, ILS and automatic direc- 
tion finder equipment. 

Cockpit equipment includes: Col- 
lins 17L7 transmitter and 51X2 re- 
ceiver for main communications and a 


AVIATION WEEK, April 10, 1961 


Collins 17L8 for standby: Collins 51X2 
VHF receiver. Lear situation display 
indicator and Collins 51X5 receiver and 
Collins 551 H-l course selector indi- 
cator as the navigation VOR system. 
Two ILS systems are programed, one 
functioning with the VOR No. 1 navi- 
gation localizer and the other with the 
No. 2 VOR localizer. Lear ADF-200 
automatic direction finder, in duplicate, 
is planned as is an all-weather RCA 
AVQ-50 lightweight radar and a T-’litc- 
Tronics CA-2A transistorized intcr- 

B-lOlC’s electrical system consists of 
2S-v.d.c. and three-phase 115-v. 400 
cps. a.c. power supply; the main d.e. 
supply system receiving power from 
two starter generators feeding a nickcl- 
cadniium battery. 

Cabin will be pressurized at S.52 psi. 
to maintain 6,000-ft. altitude when fly- 
ing at 55,000 ft. and an oxygen system 
is designed so that when the cabin pres- 
sure altitude exceeds 9,500 ft., oxygen 
masks are automatically dropped in 
front of passengers. 

Powerplant Unit 

Powerplant system will consist of 
two General Electric CJ610-2Bs of 
2,400 lb. static thrust rating at sea 
level, which IAI expects will be ap- 
proved by Federal Aviation Agency by 
the end of this year. These arc civil, 
derated versions of the military-devel- 
oped J85. "Hie Israeli firm plans to pro- 
vide an engine exchange program for 
overhauled powcrplants to obviate cus- 
tomer capital tie-up on engine spares. 
Engines will have mailable an eight- 
tank fuel system providing a total of 
705 gal. Five integral wing tanks will 
carry a total of 554 gal, and three fuse- 
lage tanks will cam- 571 gal. 

Israeli Aircraft Industries engineers 
estimate that the B-101C will operate 
with a full payload for a gross weight 
of 12,500 lb. at takeoff from 2,800-ft. 
runwavs. utilizing anti-skid brakes and 
engine thrust reversers providing 40% 
reverse power. Landing distance over 
a 50-ft. obstacle with this equipment 
is estimated at 2.900 ft. at 12,500-lb. 
gross weight and 2,250 ft. (which is 
landing weight) at S.800 lb. Without 
thrust reversers, the landing distance 
over an obstacle is considered as 5,520 
ft. at maximum gross weight and 2.620 
ft. at 8,800 lb. 

IAI estimates that the B-lOlC’s 
flight operations cost per hour will 
total S 59.9 5, utilizing one pilot (at 
SI 6.000 annual salary); total mainte- 
nance costs will run some S52.22 per 
hour and total depreciation costs at 
some S47.40 (with airframe being de- 
preciated at S26.90. engines at S11.25. 
spare parts and ground equipment at 
SI .75 and electronics at S7.50). Total 
direct hourly operating costs are 
S142.55. based on utilization of 600 






sidcrcd 



ROCKETDYNE 

in Southern California 

Rocketdyne, ihe outstanding leader in the field of rocket power, 
has several openings for lop level engineers and scientists. 

SENIOR PROJECT ENGINEER IN 
SOLID ROCKET MOTOR ADVANCED DESIGN 

To be responsible for coordination of proposals and promotional 
efforts on solid fuel rocket engines. Will perform systems analysis 
and technical liaison with military and civilian agencies. Must be 
thoroughly experienced in all phases of solid rocket motor analysis 

RELIABILITY ENGINEER 

Will perform assignments associated with reliability prediction, 
production, and quality control coordination, by performing sys- 
tem and component malfunction analysis. Experience in reliability 
or failure analysis is necessary. 

STAFF POSITIONS FOR 
ENGINEERS & PHYSICISTS 
WITH ADVANCED DEGREES 

SENIOR HEAT TRANSFER SPECIALIST 

Chemical or Mechanical Engineer to perform multi-dimensional 
heat transfer analysis on advanced propulsion components and sys- 
tems. Experience in supersonic gas flow and cryogenic heat trans- 
fer is preferred. 

SENIOR AEROTHERMODYNAMICS SPECIALIST 

Mechanical or Aeronautical Engineer for fundamental analysis of 
ideal and real gas flow. An extensive background in thermody- 
namic cycle analysis is helpful. 

SENIOR NUCLEAR ENGINEER OR PHYSICIST 

To participate in fundamental studies basic to advanced nuclear 
propulsion devices. A specialized knowledge of materials, shield- 
ing requirements, and neutronics is helpful. 

Send professional resume to Mr. A. D. Stoetzel, Professional 
Employment Office, 6633 Canoga Avenue, Canoga Park, Calif. 

ROCKETDYNE lit 





hr. per year. Depreciation is cons 
over a 10-year period. 

Breakdown of the S3 50,000 esti- 
mated total price includes $90,000 for 
engines and S45.000 for electronics 
equipment. 

Ground equipment and spares (not 
including engines) are estimated at 
514,000. 


IAI B-101C Empty 
Weight 



Israeli B-101C 
Executive 

Length 36 ft. 11.4 in. 

Height 15 ft. 10.1 in. 

Span 40 ft. 4 in. 

Mean aerodynamic chord. .6 ft. 11.2 in. 

Cabin length 13 ft. 6 in. 

Cabin inside diameter 4 ft. 11 in. 

Cabin outside diameter 5 ft. 3 in. 

Wing loading (gross weight) . . 52.08 psf. 
Wing loading (landing weight) 36.67 psf. 

Center of gravity limits 24-38% 

Weight empty 6,513 lb. 

Landing weight 8,800 lb. 

Gross weight 12,500 lb. 

Rate of climb (at sea level). .6,100 fpm. 
Rate of climb (at 20,000 ft.). 2,500 fpm. 
Rate of climb (one engine out, sea 

level) 1,075 fpm. 

Rate of climb (one engine out, 

20.000 ft.) 375 fpm. 

Range (takeoff weight, 4,720 lb. 
fuel, with 555 lb. reserve) 

1,660 stat. mi. 

Range (takeoff weight. 4,720 lb. fuel, 

555 lb. reserve, at 35,000 ft., 60 

mph. headwind) 1,520 stat. mi. 

Top speed (at 35,000 ft.) 510 mph. 

Most economical cruise speed . 400 mph. 
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Smooth... inside, 
outside... and 
accurate, too! 


National Tube 

Division of (\}C$) 
United States Steel 



For a very fundamental reason, more and more 
Engineers, Designers and Purchasing Agents are 
specifying USS National Electric Resistance 
Welded Steel Mechanical Tubing— it saves money. 

Dimensional accuracy and closely controlled 
mechanical properties insure consistency— consist- 
ently low machining losses, uniform strength, low 
fabrication costs and high torsion resistance— and 
the tubing is smooth inside and outside. 

Whether your tubing application requires the 
dependability for a load-carrying member or the 
surface smoothness quality for a hydraulic cyl- 
inder, USS National Electric Welded Mechanical 
Tubing must be your first consideration. 

USS National Electric Welded Mechanical 
Steel Tubing is available in a wide range of cold 
drawn or hot rolled sizes from as small as %" x 
.028" to as large as 5 x .250". Your National 
Tube Distributors throughout the country will 
gladly show you how tubing can reduce your costs. 
See your USS National Tube Distributor. 


PRIVATE LINES 



THINK, ACT! How will crews of aerospace vehicles perform under 
long periods of stress and confinement? Lockheed /Georgia finds 


Bccch Baron twins retrofitted with 
Turbomeca Astazou 470-slip, turboprop 
engines will be designated the Marquis. 
Retrofitting is being done by Sfcrma, 
subsidiary of Sud Aviation. 

Federal Aviation Agency will hold a 
scries of regional conferences for pilots 
and plane owners, called “Air-Share" 
meetings, starting Apr. 1 1 at Santa 
Monica, Calif., in the Monica Hotel. 
Other meetings to explore problems of 
general aviation will be held at Hotel 
St. Nicholas, Springfield, 111., Apr. 19; 
Hotel Shelburn. Atlantic City. N. J., 
Apr. 27. and Hotel Heidelberg, Jackson, 
Miss., May 2. Meetings will be held by 
FAA Bureau of Might Standards and 
will explore possible rule-making in 
areas of “cribbing” in airman examina- 
tions; greater control by instructors; 
new classes of roto-craft pilot ratings 
and special ratings for new light turbine- 
powered planes. 


accurate answers in the crew mockup section of its Behavioral Re- 
search Lab -just one of the many capabilities of its highly qualified 
Human Factors Research Group. LOCKHEED/GEORGIA 


Acro-Rama air show, sponsored by 
Borrego Springs (Calif.) Chamber of 
Commerce and Borrego Valley Airport 
Authority, will be held Apr. S-9 at Bor- 
rego Springs. Program includes stunt 
flying and a parachute jumping contest. 


PROBLEMATICAL RECREATIONS 61 


Agricultural Aviation Engineering 
Co., Santa Clara, Calif., has acquired 
Span Flow system of aircraft dusting 
equipment from Missen Aviation Prod- 


A prisoner is given 10 white 


10 black balls and two boxes, 
ill draw one ball from one of 
the two boxes. If it is white, the prisoner will go free; if it is black, 
he will die. How should the prisoner arrange the balls in the boxes 
to give himself the best chance for survival? 

-Georgia Tech Engineer 
News from our Maryland Division: a new line of broadband 
antennas. Model I2EI-10 covers the frequency range of 100 to 
1000 me with a gain of S ± 1 db. Maximum VSWR; 2.0-1. 
Model 13E1-5 covers the range from 1000 to 5000 me with a 
gain of 7 ± I db. Maximum VSWR; 2.2-1. Various polarizations 
can be provided in bandwidths of 10 to 1 or greater. Receptive 
people are directed to contact : Litton Systems, Inc., Maryland 
Division. 4900 Calvert Road, College Park, Maryland. 
answer to last week's problem : Let M = my age in years, 
S = son’s age, and F = father's age. My father is five times as 
old as my son, therefore : F = 5S. When I am as old as my father, 
my son will be F — M years older than he is now; his age then 
will be S + F — M. Since this is S years more than my present 
age, S + F — M = M + 8. The third equation is: F + M = 100. 
Solving these equations gives S= 13, and hence M = 35, and 
F = 6 5. m LITTON INDUSTRIES 

LiJ Beverly Hills, California 


Guide for flight test for private pilot 
certification has been issued by Federal 
Aviation Agency as preparation for 
maneuvers, emergencies and flight plan- 
ning knowledge needed by the private 

E ilot applicant. Guide may be obtained 
om Superintendent of Documents, 
Government Printing Office, Washing- 
ton 25, D. C„ for 10 cents. 

Beech Aircraft Corp. will make free 
major inspections of its seven models 
to help owners increase operating effi- 
ciency. starting Apr. 6 at Cutter Avia- 
tion, Phoenix, Ariz. Paul E. Allen, 
Beech manager of parts and service, said 
inspections, part of 13 th annual Beech- 
craft Service Clinic, will be held in 40 
U. S. locations through September. 

Paul F. Bikle, Lancaster, Calif., has 
claimed a new world gliding altitude 
record, living his Schweizer I-23E sail- 
plane to 46,267 ft. over Mojave. Calif- 
on Feb. 25. Previous record of 42,100 
ft. was set in 1959 bv William S. Ivans, 
Jr., San Diego, Calif. Record is subject 
to confirmation by Federation Aero- 
nautique Internationale. 
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Executive Mustang Cruises at 370 mph. 



Sarasota, Fla. -Trans-Florida Avia- 
tion, Inc., has put its North American 
F-51 executive Mustang into produc- 
tion, after five years of research that 
produced six prototypes of varying con- 
figurations. 

Production model is designated the 
Cavalier 2000 and sells for S32.500 fly- 
away at Sarasota. The airplane is li- 
censed in an aerobatic category and is 
stressed for 9g with full tip tanks, hold- 
ing 96 gal. each, and maximum gross 
weights. Total fuel capacity is 376 

W. P. Brownell, vice president, said 
the company has 18 available airframes 
and now has one on the line, plus a 
demonstrator. Trans-Florida also owns 
a TF-51, the dual-control Mustang de- 
veloped by U. S. Air Force for pilot 
checkouts. 

The Cavalier is powered by a Rolls- 
Royce/Packard Merlin in-line piston 
engine, which includes the F-51’s two- 
stage, two-speed supercharger system. 
Factory zero-time engines are available 
at Sarasota for about S3.000. Propeller 
is a paddle-bladcd Hamilton Standard 
24D50 constant speed, approved for 
1,200 hr. between overhauls. 

Major exterior change is in the Plexi- 


glas high visibility canopy, which is 
tinted to filter the sun’s rays. Wind- 
shield is bird-proof. 

Trans-Florida has designed two bag- 
gage compartments in each wing to pro- 
vide space for 400 lb. Gross weight is 
10.500 lb. and normal cruise speed at 
25,000 ft. is 370 mph. 

In converting the Cavalier, Trans- 
Florida installs metal-sheathed Aero- 
quip hose and fittings through the 
hydraulic and fuel systems. Electrical 


wiring is replaced to airline standards, 
or better. 

Pilot's instrument panel has been re- 
designed to include navigation and 
radio controls directly in front. Stand- 
ard instrumentation includes a Sperry 
H-6 electric, non-tumbling gyro horizon 
and the Sperry C-4 Gvrosyn compass. 
Provision has been made for dual omni 
with automatic glide slope, automatic 
direction finder and 360-channcl crys- 
tal-controlled transceivers. 
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From microfilm to an 18"x24" print 
..in seconds and on ordinary paper! 


You can have a dry, positive, 18"x24" 
engineering print in seconds and on 
ordinary paper with the new XeroX® 
Copyflo® 1824 printer. 

This remarkable machine, which 
requires no exposure settings or other 
adjustments, reproduces from a mi- 
crofilm aperture card, making 18"x24" 
prints — or smaller — at extremely low 
cost. It also copies onto vellum or off- 
set paper masters. 

Operation is automatic. Prints 
ready for immediate use emerge as 
fast as four a minute. 

The quality of reproduction is su- 
perb. Images are sharp black-on-white 
and won’t rub off. There is no odor, 


no waste, and the finished print may 
be written on with pen or pencil. 

Regardless of your engineering- 
drawing-reproduction needs, you can 
now enjoy the tremendous savings in 
time, money, space, and materials of 
your own unitized microfilm system. 

Formerly, such economies required 
a substantial reproduction need. To- 
day, however, the Copyflo 1824 print- 
er offers the same proportionate bene- 
fit to small-volume users as to large. 
No need now for vast files of engineer- 
ing drawings. Microfilm aperture 
cards require only a fraction of the 
storage space required for other repro- 
ducibles. No more costly waiting for 


prints, which — made by a Copyflo 
1824 printer — are so inexpensive your 
engineers can discard them after use. 

Write today for our free 1824 book- 
let giving the full benefits you can ex- 
pect from a Copyflo 1824 printer. 
Haloid Xerox Inc., Dept. 61-99X, 
Rochester 3, N. Y. Branch offices in 
principal U. S. and Canadian cities. 
Overseas: Rank-Xerox Ltd., London. 

HALOID 

XEROX 



Kamov Builds Mail Aerosleigh 

Russia’s new Scvcr-2 "Aeroslcighs,” built at the factory headed by Soviet helicopter 
designer N. I. Kamov, have gone into mail delivery service in far-northern areas of the 
USSR. Cab of the Sevcr-2 is a conventional Pobcda automobile. Powered by a 260-hp. 
aircraft engine driving a thrce-bladcd propeller, the ski-mounted vehicle is said to have 
an “average speed” of about 31 mph. and is capable of carrying over 660 lb. of cargo. 


Example . . . 



... of B & P capability 
to make lightweight 
metal assemblies for 
electronic equipment 

Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 

for many years. Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include . . . 





housings and turrets 

When you need lightweight 
products or assemblies for elec- 
tronic equipment, take 
advantage of B & P's ex- 
perience and capability. 


BROOKS & PERKINS, INC. 
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For the past five years, 

AVIATION WEEK and Space Technology has published 
“Air Transport Facts and Figures," the official 
operating statistics of the Air Transport Association. 


Once again, we have been officially designated to publish 
the 1960 “Facts & Figures” edition in our May 1 issue. 


AVIATION WEEK’S transport editorial department 
will also cover, in depth, key subjects 
on international air transportation 

JET TRANSPORTS • OPERATIONS 
MAINTENANCE • FINANCIAL. 

Here is an opportunity to advertise in an issue that 
will receive the attention of air transport industry 
men throughout the year. If your business is equipment, 
materials or services for air transportation, this is one 
issue to schedule today. Regular advertising rates apply. 
Circulation: ABC-Net Paid — December 1 960 - 78,983 
Current issue paid — 81,500 


Aviation Week 

Spate Tethnology 


A McGraw-Hill Publication, 

330 West 42nd Street, New York 36, New York 



Israel Delivers First 
Executive Conversion 

First executive transport modification 
by Israeli Aircraft Industries, a Convair 
240. has been delivered to Allied Stores, 
marking the firm’s entry into the busi- 
ness aircraft field. 

The Tel Aviv service company con- 
verted the former Ethiopian Air Lines’ 
transport to a 23-passengcr configura- 
tion to replace a DC-3 formerly oper- 
ated by Allied Stores. 

Israeli Aircraft plans to seek additional 
executive aircraft service and conversion 
business using as its selling point its low 
labor cost— it bills labor charges at S3 
per hour. Indications arc that it can 
deliver additional Convair 240 conver- 
sions. minus some customer options on 
radio and navigation equipment, in the 
United States for S300,0u0, with duty 
applicable to labor costs only. 

As an indication of its interest in 
executive aircraft, it has initiated devel- 
opment of a seven-passenger twin-jet 
transport, powered by GE's |85’s (AW 
Mar. 6, p. 87 and Apr. 10, p. 108). 

Allied’s Convair is a straightforward 
conversion utilizing basic airframe and 
engines, propellers, tankage, with Israeli 
Aircraft performing a semi-major over- 
haul comprising items covered in a 
4,000-hr. check and complying with all 
service bulletins and airworthiness di- 
rectives to bring the airplane up-to-date 
technically with Federal Aviation 
Agency requirements. 

Major work was in rebuilding the 
interior. An Israeli architect was 
brought in as a consultant to handle 
detail design of the new cabin layout 
and develop plans for IAI’s carpentry 
shops. All furniture, seats, beds and 
lounge were made in Tel Aviv, except 
for two Burns Aero chairs. 

Cockpit equipment includes a Sperry 
A-12 autopilot with approach coupler, 
Collins 51-R-3 omni, with two nmni 
bearing indicators; Collins 31-V-2 glide- 
path; Aircraft Radio Corp. ARC-210 
transceiver and ARC transmitter. Plane 
has RCA AVQ-50 weather radar. 

Israeli Aircraft Industries was formed 
in April 1953 and was initially known 
as Bedek. Operation is wholly Israeli 
government-owned, but is set up as a 
private commercial enterprise, with no 
civil service connections. Program is 
aimed at supplying a wholly self-suffi- 
cient maintenance center in the coun- 
try. An FAA-approved repair facility, it 
also does major and minor airframe, 
engine and accessory overhauls. Con- 
tract maintenance is handled here for 
TWA. Air France, KLM, BEA. Alitalia. 
Swissair and Olympic Airlines. On en- 
gine overhauls it handles everything 
from the Continental C-90 up through 
the Wright R3350 piston powcrplants 
and seven types of turbines. 
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In manned vehicles, it will give exact position — 
without an atmosphere — independent of gravity, 
wind, and weather conditions — without fixes on 1 
zon or stars — after days and weeks of travel. 
This is Hipernas, a self-compensating, pure ine 
guidance system developed by Bell's Avionics Divi; 
Designed for the U.S. Air Force, Hipernas is so v< 


tile that a whole family of related systems has been 
engineered for application in any environment — sea, 
sky, or space. 

The system introduces new Bell BRIG gyros. Its 
accelerometers and digital velocity meters are already 
operational in missile and space guidance systems. 
Hipernas — and many other systems such as the Air 
Force GSN-5 and the Navy's SPN-10 All-Weather 
Automatic Landing Systems — typify Bell’s capabil- 
ities in the broad field of electronics. This diversity of 
activities offers an interesting personal future to qual- 
ified engineers and scientists. 



BELL AEROSYSTEMS company 
BUFFALO 5, N.Y. 
DIVISION OF BELL AEROSPACE CORPORATION 
A TEXTRON COMPANY 




SAC S MOST UNUSUAL MISSILE 


To enemy radar, these are all B-52’s. Altitude, performance, radar return and 
flight patterns confirm this. 

But two of these bombers are decoys . . . diversionary missiles to lure the firepower 
of the enemy away from target-bound B-52’s. 

Each SAC B-52 can carry McDonnell GAM-72 Quails in addition to its prime 
target bombload. By simulating the characteristics of the parent aircraft and 
saturating enemy defense systems, the GAM-72 greatly increases the deterrent 
potential of a bomber striking force yet costs less than 2% of the cost of a B-52. 

McDonnell is now delivering GAM-72 missiles, launch gear, support equipment 
and bomber controls to Strategic Air Command operational squadrons. 


For illustration suitable for framing 
write: Dept. 80, McDonnell Aircraft 
St. Louis, Mo. 
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